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orm THE CONSTITUTION OF THE STARS 
mak 
thre By Professor HENRY NORRIS RUSSELL 
” ani PRINCETON UNIVERSITY 
in 4 
To number and name the stars is easy enough—or and many of the rare ones—more and more as more 
would be so if there were not so many of them; but to powerful instruments can be applied—and few un- 


determine their real nature, and discover how and why 
they shine, is a task which, though well begun, is not 
more than half done. 


(1) THe Properties oF THE Stars 


We have many ways of gaining information about 
the outside of a star. First and foremost, by collect- 
Wing its light with a telescope and feeding it into a 
spectroscope, we learn that the stars, like the sun, are 
 sclf-luminous ineandescent bodies surrounded by 
atmospheres which contain the familiar chemical ele- 
nents in a gaseous state. All the elements which are 
most abundant on earth have been found in the stars, 
1 First Maiben Lecture before the American Associa- 


tion for the Advancement of Science, given at Atlantic 
City on December 30, 1932. 


identified spectral lines remain, so that we ean be sure 
that the stars are essentially similar in composition 
to our own world. No eonelusion of science is more 
significant than this. The poet Stedman has expressed 
its meaning better in verse than any technical prose 
could render it. 


White orbs like angels pass 
Before the triple glass 

That men may sean the record of each flame,— 
Of spectral line and line 
The legendry divine 

Finding their mould the same, and aye the same, 
The atoms that we knew before 

Of which ourselves are made,—dust, and no more. 


The materials of nature, and her laws, are the same 
everywhere. Upon this foundation we build. 
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Applying these laws to our observations of the 
stars’ light, we may calculate the temperatures of 
their surfaces—for the hotter an incandescent body 
is the more blue light it emits in proportion to red. 
Comparison with laboratory sources shows that the 
stars begin about where these leave off—very few hav- 
ing surface temperatures less than 3,000° and the 
great majority ranging from three up to fifteen or 
twenty thousand degrees (on the Centigrade scale). 
Some exceptional bodies may reach 50,000°. These 
conclusions are checked by other methods and entitled 
to confidence. At even the lowest of these tempera- 
tures, all but the most refractory chemical compounds 
are decomposed into their elements—which immensely 
simplifies the physical situation—and, higher up in 
the seale, the atoms themselves lose one or more of 
their outer electrons, becoming ionized and giving new 
and different spectra. The conspicuous differences 
between the spectra of the hotter and cooler stars 
originate from changes of this sort, combined with 
other and equally well-understood effects of tempera- 
ture. When allowance is made for these, it is found 
that, despite the apparent diversity, the stars, or, 
at least their atmospheres, are remarkably similar in 
composition. The relative proportions of atoms of 
different kinds are very similar to those which are 
found in the earth’s crust, with one important excep- 
tion. Hydrogen, which forms but a small proportion 
of the earth’s mass, is more abundant in the sun 
and stars than anything else. Helium is also abun- 
dant. It is reasonable, by the way, to suppose that 
these light gases escaped from our planet (which 
has not enough gravitative power to hold them) 
shcrtly after its birth as an independent body. 

Finally, from the temperature and degree of ioniza- 
tion in stellar atmospheres, it follows that the pres- 
sure must be very low—something like a thousandth 
part of that of the air which surrounds us at sea- 
level. The pressures are different, of course, in differ- 
ent stars, but are always small. 

Why we do not see down into regions of greater 
density and pressure was once puzzling; but it is now 
known that an ionized atmosphere, full of free elec- 
trons and charged atoms, will scatter light like a thin 
fog. This prevents us from seeing down deeper. The 
caleulated temperature represents an average for the 
partly foggy layers toward the bottom, from which 
most of the observable light comes. 

All this information could be obtained by spectro- 
seopie means, if we knew nothing about the distances 
- of the stars. Measurements of distance, which have 
now been made in various ways, for thousands of 
them, give us new data. The real brightness, or 
luminosity, shows a remarkably wide range. Our 
sun is not far from the middle of this range, and 
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forms a convenient standard. Stars 100 times x 
bright are common. Many are known to be moi 
than 1,000 times as bright, and a few give mop 
than 10,000 times the sun’s light. On the fainter si 
stars down to 1/100 and even 1/1,000 of the suf 
brightness are common and a few are known whid) 
give but 1/10,000 of its light. Only the very nearg 
of these are visible to us, even with good-sized tek 7 
scopes, so that there is not much chance of picking 7 
the still fainter ones which probably exist. Vey] 
bright stars, on the contrary, ean be seen at enormoy |g 
distances, and our failure to find them indicates thy 7 
very few such objects exist. There are, of cour.) 
various ways of measuring luminosity—with the ey. 
which is sensitive mainly to yellow and green ligh, 7 
with photographs, which work in the violet, and with) 
heat-measuring apparatus, which is sensitive to al/™ 
radiations alike. The corrections necessary to reduce!” 
measures on the other seales to the last (which is) 
obviously the best for theoretical studies) can be cal-|~ 
culated when the star’s temperature is known. : 

If we know the luminosity and temperature of i|_ 
star, we can at once caleulate its size—its actuil 
diameter in miles. Once more our results can kk) 
checked, by Michelson’s beautiful interferometer 
method, and by various others, and it is found tha} 
the unavoidable assumption that the hazy indefinite” 
lower atmosphere behaves like a hot solid surface, oi 7 
standard properties, at a suitable average temper.” 
ture, leads to reliable results. The stars differ les 
in diameter than in brightness. The general run oi” 
stars have diameters ranging from three or four mi F 
lion miles to about half a million (comparable with | 
the sun’s 866,000). Some are much larger, from te 
million miles to 500 million in extreme cases, while | q 
a few are abnormally small, from 50,000 miles t 7 
10,000 or even less. ’ 

Direct information about the interior of a sta | 
can be gained in only one way—by means of gravite © 
tion. Here, and here alone, the inner portions exet! — 
their full action, quite independent of their envelope 
ment by great masses of matter. At ordinary inter ~ 
stellar distances, the mutual gravitation is quit ~ 
negligible; but, fortunately, there are numerous binaly 7 
pairs in orbital motion controlled by gravitation. Fu 4 
many such systems we can derive reliable values af q 
the masses. These differ far less widely than the | 
sizes or luminosities. The greatest mass so far mea 


sured is 113 times that of the sun, the least 0. 1-49 


ratio of 700—as against 50,000 for the diameters, ai | 
more than 100,000,000 for the luminosities. Why this ; 
should be true is a problem for the theorist, whic; ” 
as we shall see, has been successfully answered. 

In density, the stars differ amazingly. Some sta — 1 
have more than 100,000,000 times the sun’s volume, at! 
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probably less than 100 times the sun’s mass. The The luminosity and surface temperature (or the 
density of such a star is of the order of a thousandth closely related spectral type) of a star are also corre- 


part that of ordinary air. Those of smallest diameter lated, but in a more complicated way, best illustrated | 
are massive, and some of them have densities as high by a diagram. Fig. 1, prepared from observations At 


as 50,000 times that of water—almost a ton per cubic 


inch! How such tenuous bodies as the first can hold Ao As _F Fi Go G Ks Mo Ms 
together and shine and how any material substances THT ITT 
can be as dense as the second are other problems 
which have been satisfactorily solved. T at 
These calculations tell us only the average density 
of the material inside a star. How much denser it ic +43 
is in some parts than others can be determined only _» TH +H 
in a few favorable instances—double stars whose com- | iff 
ponents revolve in an eccentric orbit and, being | 
separated by but a few diameters, are pulled out into li: : ag 
ellipsoidal shapes by their mutual attraction. In this 
ease the periastron (or point of closest approach) he | 
moves slowly forward at a rate which depends not *! 
only on the sizes and masses of the stars, but on the 
extent to which the density at the center exceeds the 
average. Only one system (Y Cygni) has so far +3 19011 
been carefully studied. In this it appears that the S AH ae AH it 
concentration of density toward the center is large. +4 
Barring this rare good fortune, all that we can find i ilps: ; dee 
out observationally about a single star, in addition to 4 
its chemical (or atomic) composition, may be ex- 'w.. if: 43 
pressed by three numbers defining its mass, its radius * 2c =| 
and its luminosity. From these the density and the i :*f ere 
surface temperature may immediately be computed. ? 4 


(2) RELATIONS BETWEEN THESE PROPERTIES 


These properties of the stars are not distributed at 
random, but are related among themselves in very 
striking ways. The simplest and perhaps the most 
important of these correlations is that between mass 
s and luminosity, discovered by Eddington. Stars of 
large mass are always bright, and stars of small mass 
faint. A star of the sun’s mass has nearly the sun’s 
brightness; one of 4 times the sun’s mass gives about 
80 times as much radiation, and one of 16 times the 

9H wass*1,600 times as much, while one of 14 the sun’s 
"RH mass radiates only about 1/200 as much heat. 

Strangely enough, the size of a star seems to have 
very little influence on this relation. Red stars, fifty of about 4,000 stars by Adams and his colleagues at 
times the sun’s diameter, and white stars only two Mount Wilson, shows the brightness (on the familiar 
or three times as big as the sun, if of the same mass, scale of stellar magnitude) plotted against the spectral 


o Fs 5 Ko K3 Mo M5 


Fig. 1 


ie _ have nearly the same luminosity. Indeed, if a curve type—each dot representing one star. The points are 
plotted, representing the relation just indicated, very far from scattered at random. The majority 
“4 eth points corresponding to the data for individual of them congregate in a narrow band, crossing the 
ul @ stars, the deviation of the latter from the smooth curve diagram downward and to the right. Along this line, 
1. Dae °Yrages hardly greater than the effects of the out- called the main sequence, we pass from bright, hot and 
— standing error of observation. There is but one ex- massive stars, at the top, to faint, cool bodies of 
We “Pton. The stars of very small diameter, and very small mass at the bottom. 
TS ee tet density, are much fainter than others of equal The hottest stars of all are not shown in the figure. 


mass—from 1/10 to 1/100 as luminous. They extend the sequence upward and to the left. 
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The sun belongs to this sequence, and is a fairly 
typical member. Though so different in brightness 
and in mass, these stars are fairly similar in size. 
A member-near the top might be of 10 times the sun’s 
mass, 414 times its diameter, 1/10 its density, 800 
times its luminosity and 21% times its surface tempera- 
ture. One near the bottom might have about 14 the 
sun’s mass, 3/10 its diameter, 9 times its density, 
1/180 of its luminosity and half its surface tempera- 
ture. There is an unbroken series of stars all the 
way between these types, and even beyond them, and 
the whole obviously forms a natural family. The 
great range in brightness within it arises mainly be- 
eause the radiation from equal areas varies as the 
fourth power of the surface temperature. 

A second sequence of stars is represented on the 
upper right-hand part of the figure. Hertzsprung’s 
name of “giant stars” is very appropriate, for they 
are of gigantic size. Capella, which belongs at the 
lower left of this sequence, has in round numbers 4 
times the sun’s mass, 125 times its brightness, 14 
times its diameter, 90 per cent. of its surface tempera- 
ture and 1/700 of its density. A red giant at the 
upper end would have some 10 times the sun’s mass, 
1,500 times its luminosity, 150 times its diameter, 
1% its surface temperature and less than 1/200,000 of 
its density. Here is evidently another natural family 
of stars. According to the data represented on our 
diagram, they are rather sharply separated from the 
main sequence, but Stroémberg’s calculations, based on 
other data, indicate that the gap is partially filled up. 
A number of very bright stars are represented by 
seattered dots near the top of the diagram. These are 
the “super-giants” of which examples are found in 
almost every class of spectrum. A fourth important 
class of stars, the white dwarfs, would be represented 
by points in the lower left-hand corner. They are 
far fainter than those main-sequence stars of the 
same temperature, and so must be much smaller—in- 
deed, their computed diameters range from 30,000 
to 8,000 miles, no larger than the planets. Their 
masses, which can fortunately be determined in a 
few critical cases, are considerably larger than those 
of main sequence stars of the same luminosity, and 
their densities come out extraordinarily great, up to a 
ton per cubic inch, as was already mentioned. Few 
of these stars are known; but they are so faint that 
only those which lie very near the Sun (as stars go) 
can be adequately observed. There must be thousands 
of others, visible in great telescopes, but lost among 
the countless swarms of faint stars. This is typical 
of the effects of observational selection which meet 
the student of the stars wherever he turns, and de- 
mand eternal vigilance, lest they lead him astray. 
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(3) THe PropLeM TO BE SOLVED 


The great task of theoretical astrophysics is to 
interpret these properties of the stars—individual and 
collective—by means of the general physical properties 
of the matter of which they are composed. Here we 
are greatly aided by the high temperatures of the 
stars. Chemical compounds are decomposed; hence 
we have to deal only with the properties of atoms, and 
of course of electrons and protons, and of light- 
quanta. Hence, the more we know about atoms, the 
more we can find out about the stars. The minutest 
things in nature give us the key to unlock the secrets 
of the greatest. 

We must ask the physicist to answer three main 
questions : 

(1) What is the equation of state inside the star— 
the relation connecting the pressure with the density 
and temperature? 

(2) What is the opacity of the material which regu- 
lates the flow of heat from the intensely hot interior 
to the surface, and supplies the loss by radiation intc 
space? 

(3) By what processes, and according to what laws, 
is the internal supply of heat kept up, so that the star 
does not gradually cool down and go out? 

We have now a satisfactory answer to the firs! 
question, and a fairly good one to the second; but 
only a beginning has been made with the third, though 
there is hope that we may know more soon. If 
we had this third answer we could predict, from gen- 
eral principles, what the stars ought to be like, and, 
if our knowledge were adequate and our reasoning 
sound, our predictions would agree with the facts. 
As things are, our partial knowledge enables us to 
interpret many of the most important properties of 
the stars, though not all. 


(4) First Success. Toe 


Let us begin with the equation of state. Since the 
material is gaseous, we have by the familiar gas laws 


p=RgT/m (1) 


(p is the pressure, @ the density, T the absolute 
temperature, m the average moleeular weight, and R 
a constant—8.31 x10" in ¢«g.s. units.) The density 
inside a star will be greater at some places, and less 
at others, than the mean. To get an idea what to 
expect, suppose we had an imaginary star of the sun's 
size and mass, and with uniform density throughout. 
The pressure at the center then comes out 9,800,000 
tons per square inch, and the corresponding tempera- 
ture, by the gas laws, is 11,500,000 m degrees Centi- 
grade. Under ordinary laboratory conditions, the 
molecular weight m would vary enormously with the 
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composition of the gas. But inside the star the atoms 
must be almost completely ionized, and the heavier 
an atom is the more parts it is split into. The average 
weight of one of these parts (which is what we need) 
is 0.5 for hydrogen, 1.3 for helium and about 2 for 
all the other elements, except the heaviest (which are 
too rare to be of importance). The general average 
thus depends almost entirely on the proportion of 
hydrogen inside the star. We shall see later that 
there is evidence that this is such as to make the value 
of m about 1. 

For a homogeneous body of M times the sun’s mass 
and r times its radius, the central temperature must 


be multiplied by If the body is not homogeneous, 


let « be the ratio of the density at any point to the 
mean density, and y the ratio of the pressure at this 
point to the pressure at the center of a homogeneous 
sphere of the same size and mass. A very simple 
ealeulation then shows that the temperature T is 
given by 


M 
T = 11,500,000 —> m. (2) 


We can now ealeulate the temperature at any point 
inside the star, if we know what it is made of, that is, 
the value of m, and on what model it is built, that is, 
how the quantity x varies as we pass from the center 
to the surface. (If this is known y can be calculated.) 

The density may increase greatly toward the center, 
making x very large there, but in this case y also in- 
ereases. For example, there is a famous “model,” 
discussed by Eddington, in which, at the center 
z= 54, that is, the central density is 54 times the mean 
density. But at the same point y=93, so that the 
temperature is only 1.72 times as great as for a 
homogeneous sphere. Nearer the surface x and y both 
fall off, and the temperature decreases. It follows 
from this that, unless the central condensation is 
much greater than suggested above, the central tem- 
perature of the sun is about 15 or 20 million degrees. 
A generation ago no one would have dared to say 
much about the properties of matter under conditions 
so far removed from experience. But we know enough 
about atoms now to be sure of our ground. 

At these high temperatures, the flying quanta of 
radiation, as well as the flying atoms and electrons, 
tend to drive the atoms which they hit outward and 
exert a powerful pressure. At 20 million degrees this 
radiation pressure amounts to 3,000,000 tons per 
Square inch—enough to support a considerable frac- 
tion of the gravitational pressure inside a star. This 
was first realized by Eddington. If 6 is the fraction 
of the whole pressure which is carried by the gas, 
leaving 1-8 for the radiation, he derived the remark- 
able equation 
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0.0033 m* (3) 


which enables us to compute the effect at any point 
in any star. The temperatures previously calculated 
must be multiplied by B. For the sun’s center (with 
m=1), B=0.97 for the homogeneous model, and 0.997 
for Eddington’s model, so that the correction is small. 
For massive stars, it may be considerably greater. 
The outcome of this discussion is that we have 
gained a good idea of the central temperatures of 


the stars. The value for the sun is probably 15 to 20 


million degrees; for a faint star at the bottom of the 
main sequence, 12 to 15 million; for a bright star at 
its top, 25 to 35 million (allowing for radiation pres- 
sure). For the giant stars, the values are much lower, 
about 5 million for Capella and one million for a red 
star at the other end of the group. 

For a star built on any given model, we can now 
find the outward temperature gradient at any point. 
This, with the opacity of the material, determines the 
rate of outward flow of heat—and the latter evidently 
supplies the radiation from the surface, which can 
therefore be calculated. The opacity arises mainly 
from the capture of radiation by atoms, which hold 
it for a moment before they re-emit it, and its law can 
be determined from the principles of quantum- and 
wave-mechanies. The researches of Kramers, Gaunt 
and others have now put the theory of opacity on an 
apparently reliable basis, though it is not yet exact. 
Passing over many details, it is found that the lumi- 
nosity LZ of a star built on any model is given by 
the equation 

M53 
L=C ri (4) 


where the coefficient C depends upon the model on 
which the star is built, but does not change rapidly 
with changes in this. 

The equation shows that the luminosity of a star 
should depend but little on its size, and very greatly 
on its mass. For large masses, when 6 begins to 
diminish, the change is proportionately slower. This 
is an excellent qualitative description of the mass- 
luminosity relation, and numerical calculations show 
that the quantitative agreement is remarkably close. 
Eddington, who first worked the theory out, determined 
the constant C (which could not at that time be 
accurately calculated theoretically), from a single star, 
Capella, and found that the resulting formula repre- 
sented the data for all reliably observed stars (except 
white dwarfs) in an almost uneanny fashion. 

Theoretically, a star of given mass may have any 
luminosity, adjusting its size to suit. But to halve L 
multiplies r by 4, and reduces the surface temperature 
to 42 per cent. of its original value, so that any large 
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change in luminosity, up or down, would place our 
hypothetical body outside the observed range of stellar 
surface temperatures. Within this range a rather 
small correction (carefully made by Eddington) serves 
to reduce the observed brightness of a star to the 
value it would have if shrunk or expanded so that 
its surface temperature was equal to the sun’s. This 
correction hardly ever amounts to one stellar magni- 
tude, while the observed range in brightness is fully 
20 magnitudes. 

Changes in the model on which we assume our star 
to be built do not greatly affect its luminosity. Ed- 
dington, Vogt and Biermann have discussed a large 
number of cases, and found that the effect very rarely 
exceeds one magnitude. Changes in the mean 
molecular weight, on the contrary, produce great dif- 
ferences. Recent discussions by Strémgren and Ed- 
dington agree in showing that stars of the same mass, 
size and density-model, differing only in the propor- 
tion of hydrogen which they contain, may differ in 
brightness by a factor of a thousand—more than 
seven magnitudes. With no hydrogen present, m is 
about 2, and the central temperature high. This 
drives a rapid flow of heat to the surface. As the 
hydrogen percentage increases, m falls, and so does 
the internal temperature, while the opacity gradually 
diminishes. At first the falling temperature prevails, 
and the luminosity diminishes. Finally, when the gas 
is almost all hydrogen, the opacity diminishes so 
rapidly that the escape of radiation becomes greater 
again. The minimum luminosity is reached with 
about 85 per cent. of hydrogen by weight. Agree- 
ment with the observed brightness is reached at a 
hydrogen content of 30 to 35 per cent., for the sun, 
Capella and Sirius, independently. There would also 
be agreement if about 9934 per cent. of the gas were 
hydrogen; but this appears to be less probable. This 
interpretation of the mass-luminosity correlation is 
the first great triumph of the theory of stellar con- 
stitution. Strangely enough, it is almost too success- 
ful, for it shows that the observed facts result from 
very general properties of matter, almost independent 
of the internal constitution of the stars. Concerning 
the specific model on which they are built, it tells 
us practically nothing—but it does give us important 
information regarding the composition of the in- 
terior, which was wholly unexpected. Finally, we 
may note that this part of the theory does not even 
suggest why a star of given mass should have any 
particular size or surface temperature. 


(5) Seconp Success. THE Wuite Dwarrs 


We have so far assumed that the familiar gas-laws 
ean safely be applied to stellar material, even thongh 
it is much denser than any known gas. If the atoms 
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were in their normal condition, this would not hp 
true; they are bodies of known size, and would get 
jammed together at densities little greater than those 
of ordinary liquids, so that the material was no 
longer compressible. But, inside the stars, the atoms 
are highly ionized, and their remaining fragments, as 
well as the liberated electrons, are exceedingly small, 
so that there is no danger of their “jamming” even 
at thousands of times the density of ordinary matter, 
The realization of this led to the first intelligible in- 
terpretation of the white dwarf stars. It had been 
known for some time that all the data indicated that 
their densities must be enormous, but this conclusion 
was supposed to be physically impossible till Edding- 
ton pointed out that it was a natural consequence of 
the high ionization. 

The later investigations of Fowler, Sommerfeld and 
other students of quantum theory show, however, that 
there is a limit to the degree to which a gas can be 
compressed. Nature abhors overcrowding, though she 
does not really abhor a vacuum. 

Inside an atom the quantum laws provide only two 
places for electrons close to the nucleus, eight further 
out, and so on. Similar quantum restrictions apply 
to the free particles in a gas. Only a fixed number 
of slow-moving particles can be crowded into a given 
volume—say a cubic centimeter. To get more in we 
must add faster moving ones. This increases the 
average energy of a particle, and hence the pressure. 
Only the excess of the total energy of motion of the 
particles, above that tied up in this way, is available 
to count as heat. The lightest particles—the electrons 
—show this effect of “degeneracy” first. Being very 
numerous in the stars, they dominate the situation. 
When degeneracy has gone to the limit, the equation 
of state is 

P=K, (5) 
Here K, is a constant (equal to 9.16 x 10'* n-%, where 
w is the average mass per free electron, which is 1 
for pure hydrogen, and a little greater than 2 for 
heavy atoms). This equation is safe to use whenever 
it gives a considerably higher pressure than the 
perfect-gas law. For a density 1,000 times that of 
water, this happens when the temperature is less than 
two million degrees—while at ten million the gas-law 
is still a fair approximation. At intermediate tem- 
peratures the pressure gradually changes from on¢ 
value to the other. The exact formula for the change 
has been worked out, but is complicated. 

At extremely high densities, the velocities of the 
electrons become nearly as great as that of light, and 
the equation of state becomes 


P=K, 9% (6) 
where K,=1.23x10'*y-%. The transition between 
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3 j is form and the last has also been accurately worked 


be 
get +. It is under way when the density is about two 
hose times that of water. 
no [i We can now answer the question, What would be- 
Ooms Fe ne of a star which had lost heat by radiation until 
, as Ee i possible sources of internal energy had been ex- 
all, Fe. usted? There would be no more available heat in 
ven Be ond the matter would therefore be in the degenerate 
ter, Fe ‘ te. The equation (5), together with the law of 
in & Bravity, then enables us to work out in detail all 
een Fhe properties of the body, since (given the composi- 
hat on, and therefore #) there are no adjustable constants 
ion [Be: This has been done by Milne. A body of given 
ng- [ass settles down to a definite size and density. With 
of RR per cent. of hydrogen and a mass equal to the 
nn’s, the radius comes out 1/62 of the sun’s, making 
and [he diameter 14,000 miles, and the mean density 240,- 
hat [P00 times the sun’s. The central] density is six times 
be Bs great, or two million times that of water. 
she Smaller masses are of larger diameter—being less 
Mompressed by their own gravitation—so that the 
WO [folume is inversely proportional to the mass. For 
her FWree masses, the central density is so high that equa- 


oly on (6) becomes applicable. The compressibility in- 
ser Freases, and the size of the body becomes still smaller. 


en for masses greater than twice the sun’s, practically 
we J he whole interior is in the second stage of degeneracy. 
he F Rhe law of this state no longer assigns any limit 
ré. — > the possible contraction and any greater mass 
he presumably shrink until the protons and elee- 
le [rons themselves were “jammed.” The resulting 
nS | Mensity can only be roughly guessed, but it is prob- 
ty | @@bly many billions of times the sun’s, so that the 
0. §@@hrunken mass would be only a few hundred miles 

™ Such bodies, whatever their masses, would be dead 
}) | tars—cold on the surface, and quite invisible. But a 
e | mar may be nearly but not quite dead, retaining a 
1 | @@mall amount of internal heat. In the deep interior 
x | gs would contribute in but small proportion to the 
| ggptal energy and pressure, so that the inside of the 
| @@r would be built very much as has been described. 
{ | @@owards the outside, there would be a gradual transi- 
n |) g#cn to more familiar conditions, and the degenerate 
|) re will be surrounded by an envelope of ordinary 


! The outer diameter should be larger, but not 
@ luch larger, than has just been computed. The in- 
)Frnal temperature will be much lower than that of 
} non-degenerate star, and hence the luminosity will 
P much smaller for a given mass than that of a 
tmal star. Since the surface layers are composed 
@ ordinary gas, the spectrum will differ little from 
hat of a normal star. 

4 Now these are exactly the properties which are 
eR vally exhibited by the white dwarfs, and there 
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is no longer any doubt that these actually have de- 
generate centers. Milne points out that we should 
have not only white dwarfs with degenerate cores, 
but still fainter orange and red dwarfs, stages of ap- 
proach to the dead “black dwarf.” Such stars 
should be excessively faint, and only the very nearest 
of them would have any chance of being observed. 

Of the few white dwarfs for which good data are 
available, four, by great good fortune, are com- 
ponents of visual binaries, and we can find their 
masses. These range from 0.85 to 0.37 times the 
sun’s mass, and all lie within the interval for which 
even a completely degenerate mass finds a limit set 
for its contraction. It is possible that we do not 
find white dwarfs of large mass, because any such 
objects, if they existed, would be of such excessively 
small size that we could not see them at stellar 
distanees, whatever their surface temperature. 

A degenerate gas is known to be highly transparent 
to radiation. Hence, as Milne points out, the differ- 
ences in temperature within it must be relatively 
small. The layer of non-degenerate gas near the 
surface is much more opaque, and acts as a blanket 
to keep the interior warm. Milne estimates that the 
temperature in the interior of the companion of 
Sirius does not exceed 15 million degrees. 

The white dwarfs have, within the last few years, 
changed their réle from most perplexing to the best 
understood class of stars. The present theory of their 
nature (which we owe to Milne) is the second notable 
triumph of the application of general physics to stel- 
lar constitution. 

The properties of gas masses with degenerate cores 
have been the subject of lively discussion during the 
last couple of years, and a great deal of work has 
been done on the subject—notably by Milne and his 
colleagues at Oxford. To save a great deal of 
algebraic labor, he has worked on the assumptions 
that the rate of liberation of energy is uniform all 
through each mass (though differing from one mass 
to another), and that the opacity is constant in the 
gas phase, and also in the degenerate state, though 
much smaller. The transition between the two states 
is supposed to be sharp, but without discontinuity. 

These assumptions do not lead to a close numerical 
representation of the properties of actual stars; for 
example, they give a change of luminosity with mass 
which is similar to, but only about 60 per cent. as 
great as, the actual change. However, they were not 
designed for this purpose, but to enable an exhaustive 
survey of the consequences of at least one set of 
assumptions to be made. The problem remains dif- 
ficult, but Milne has solved it by methods of great 
mathematical elegance. 

The results are interesting. For bodies of small 
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mass (less than about twice that of the sun), the 
size and brightness steadily diminish as the degenerate 
core grows larger. For large masses, the brightness 
increases slightly until the core is of about a quarter 
of the star’s diameter, and then falls off. There is 
no great loss of light (exceeding a magnitude) until 
the core occupies most of the volume. All these 
configurations, except a few of very large mass, are 
smaller than those in which the center is just begin- 
ning to be degenerate. The latter diminish slowly, 
with increasing mass, from the size of Saturn to a 
little smaller than Uranus. The final completely de- 
generate forms are from one third to one fifth as big. 

Milne has not yet extended his calculations to in- 
clude the second stage of degeneracy, but it is clear 
that this would make the radii still smaller. His 
calculations, therefore, appear to represent transitions 
between ordinary stars and white dwarfs. 

Professor Milne has expressed the opinion that 
the exact solution of certain equations might lead to 
much larger computed diameters, and hence to an 
explanation of main-sequence stars, and even giants, 
as bodies possessing dense, degenerate cores; but later 
calculations by Cowling are unfavorable to this view. 
If, however, Kramers’ opacity law is substituted for 
the simpler assumption, keeping the same law of 
energy generation, Jeans has shown that bodies of 
large mass must inevitably be greatly concentrated 
toward the center. Further computations on this 
basis are to be desired; meanwhile the question 
whether actual stars (other than white dwarfs) may 
have degenerate cores must remain open. 


(6) Sources or STELLAR ENerGy SYNTHESIS OR 
ANNIHILATION OF ATOMS 


So far we have considered only the escape of 
heat from a star, without inquiring how the supply 
is maintained. The rate of loss is almost incompre- 
hensibly great. We can come nearest to realizing it 
by remembering that, according to the theory of 
relativity, heat, like other forms of energy, possesses 
mass. It is as proper to speak of a pound of heat 
as of a pound of ice; but a pound of heat is a very 
large amount—enough, in fact, to melt 30 million 
tons of rock and turn it into white hot lava. The 
sun radiates heat away into the depths of space at 
the rate of 4,200,000 tons per second—and the sun 
is a smallish star! Upon what vast stores of energy 
can it draw to keep going? 

The first approximately adequate suggestion was 
made by Helmholtz, and developed by Kelvin. All 
parts of the sun attract one another strongly. If it 
was once larger than now and has contracted to its 
present size, the gravitational forces must have done 
an enormous amount of work during the contraction, 
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which would necessarily reappear as some oth 
form of energy. Part of this is doubtless still 
as heat in the interior. The rest, escaping to the yim 
face, would maintain the radiation. The whole sup) x 
made available by contraction from a very large s,m 
may be calculated easily, though not exactly, sini 
it depends on the way in which the density increxy 2 
toward the center. On the most liberal assumptin 
regarding this it would suffice to keep the sun shiniyinm 
at its present rate for about 20 million years. Befy mm 
the great extent of geological time was realized, {\\iiM 
appeared to be an adequate explanation. But mie 
we have conclusive evidence that the earth’s surly. 
has had very nearly its present temperature for 1, 
million years or more, which means that the sun ia 
been shining about as strongly as at present throw 
all these ages. Some greater supply must be sougi: fille 
and the only present hope is in changes in the atoufm 
themselves, involving a loss of mass. & 
Two principal suggestions deserve consideratin 
The first, and boldest is that, under certain rare «ii 
ditions, a pair of the positive and negative chargime 
out of which matter is built—proton and electro-— 
may annihilate one another and disappear, leavin 
the whole amount of energy represented by thm 
masses to escape, presumably as radiation of vim, 
high frequency, which inside a star would soon hep) 
absorbed, its energy reappearing as-heat in the 
Could such a thing happen, the annihilation of wi 
per cent. of the sun’s mass would keep it going {ree 
150,000 million years. To consume the whole maf 
if possible, would take much more than a hunddiy 
times as long, for as the mass decreased, the lum: ume 
nosity, and with it the rate of wasting, would dimin 
rapidly. The second hypothesis derives the ener i 
from the transformation of hydrogen into other ¢+ i 
ments. The atomic weights of all the heavier elemen: B® 
(that is, of the separate isotopes of the complex ons) 
are very nearly integral multiples of the unit «a 
dinarily used by chemists; but that of hydrogen 1 
greater by one part in 130. If in any way hydroga Rage 
atoms could be broken up and their parts redistribule Ry 
to form a heavier atom, the protons and some (ge 
the electrons condensing into the nucleus, and ti 
remaining electrons forming the rest, there would * 
a loss of mass which would presumably escape “i 
energy into the surrounding gas. Transformation (i 
the sun’s whole mass from hydrogen into other ato 4 7 
would liberate heat enough to supply its pres! Rag 
radiation for 100 billion years (102). This i 2 | 
more than meets all the demands of geology; but t Ri? 
maximum life, on this hypothesis, for the brights I 
known stars comes out less than one billion ye 5 
which is inconveniently short. 7: 
Radioactivity—which is a special case of the tt* Bagg 
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ymation of one heavy atom into others—also liber- 
Mies energy at the expense of loss of mass. The 
Me own cases supply heat too slowly to keep the 
pp Fs righter stars going, and in too small a total amount 
i, meet the requirements. Suggestions that heavier 
Wand more powerfully radioactive atoms than any 
Sanown on earth may exist in the stars are purely 
©) Very little can yet be said about the possibility of 
hc annihilation of matter inside the stars; but that 
itle indicates that it should not occur except at tem- 
Mberatures of many billions of degrees. More progress 
MB.s been made in the discussion of the building up 
ef heavier atoms out of hydrogen. 
Wy According to Heisenberg’s new and very attractive 
dMemmheory, atomic nuclei are built up of protons and the 
discovered neutrons. The incorporation of 
Me proton into a nucleus would in many cases change 
an atom of a known element into one of the follow- 
element (Be® to B™ to C12, ete.). The intro- 
Suction of a neutron would change an atom into an 
Msotope of the same element, but with atomic weight 
Sepreater by 1. (Li® to Li’, B*° to B**). By alternation 
‘Mempt these processes the heavy elements might be built 
imp, step by step. When a proton is built in, about 
fw /130 of its mass disappears and must be represented 
Eby heat liberated in the process. Building in a neu- 
on probably liberates heat also. 
Se At distances greater than 1/1,000 of the outer diam- 
‘Eeeter of an atom, protons and nuclei repel one an- 
Mther. A fast-moving proton, rushing directly at a 
Hepucleus might, however, get so near it that attraction 
Mpucceeded repulsion, and thus penetrate the nucleus 
Send become a part of it. Neutrons would not be 
Sepelled, and would probably have a better chance 
‘fet going in. We do not know enough about them 
sfeemyct to estimate the chances; but a tolerable idea of 
Sehe probability of penetration of a proton can be ob- 
‘Bmained by means of wave-mechanics. The chance is 
‘ereatest for the lightest nuclei, which have the small- 
charges and repulsive forces. Calculations by 
ieee tkinson and Houtermans show that such penetrating 
llisions would begin to become important when the 
mercuperature of the gas rose above a few million 
Beecsrees. Their predictions have been strikingly con- 
by the recent: experiments of Cockcroft and 
fee alton, who found, upon bombarding lithium with 
Seeotons accelerated by a potential drop of 300,000 
& olts, that alpha rays—helium nuclei—were given off 
peeith a total energy corresponding to 16,000,000 volts. 
See vidently a proton penetrates a lithium nucleus 
Beam charge 3, mass 7) producing an atom of charge 4, 
S ind mass 8 (an isotope of beryllium) which breaks 
P into two alpha particles, charge 2, mass 4, while 
he energy represented by the loss of mass sets these 
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in very rapid motion. The number of eases, per 
million atoms hit, in which this process occurs is of 
the order of magnitude predicted theoretically a year 
earlier. 

There is then no room for doubt that the synthesis 
of heavier elements out of lighter ones and hydrogen 
may actually occur within the star and liberate great 
quantities of heat. 


(7) Promise or Tuirp Success. THe Main 
SEQUENCE 


We have already seen that the interior of a star 
probably contains about 30 per cent. of hydrogen by 
weight. In the outer parts of the star a large frae- 
tion of the remainder are atoms of carbon, nitrogen 
and oxygen. 

If the same is true in the interior (as appears prob- 
able), we may apply formulae recently given by 
Steenholt and calculate how hot the sun’s interior 
should be to provide heat enough, by atom-building, 
to balance the outward leakage. Assuming that the 
central “furnace” contains one tenth of the sun’s 
mass, and is 15 times as dense as the mean, we find 
that the necessary temperature is 15 million degrees 
if the active atoms are carbon, 21 million for nitro- 
gen, and 28 million for oxygen. An increase of 30 per 
cent. in these temperatures would increase the rate 
of heat production a hundredfold; a decrease of 22 
per cent. would diminish it in the same ratio. 

The theory is still rough; but further refinements 
are not likely to alter the conclusion that, if the 
inside of the stars is at all like the outside in com- 
position, a sufficient supply of heat for their needs 
will be developed if the central temperature is from 20 
to 40 million degrees. The latter would suffice even 
for a very massive and luminous star. 

Now we have already seen that the central tempera- 
ture of the sun is probably 15 or 20 million degrees. 
We appear to have here, at last, an explanation why 
it is of its actual size. If it were twice as big it would 
be about half as hot inside, and far too little heat 
would be generated to keep it going; if it were half 
as big, far too much. 

The same is true for the whole main sequence. The 
great white stars at the top radiate far more heat 
per gram than the red dwarfs at the bottom. They 
should therefore be hotter inside, especially as their 
lower mean densities diminish the chance of atomic 
collisions. Now there are eclipsing binary stars— 
whose diameters and masses can be found with con- 
siderable aceuracy—which belong in all parts of the 
main sequence. If they are built on anything like 
the same model, the big white stars are actually hotter 
inside than the little red ones, to fully the extent 
demanded by theory. 
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If this theory is even approximately true, no 
star could reach an internal temperature as high as 
100 million degrees, unless either all the hydrogen, or 
all the other elements from lithium to sodium, had 
- been completely used up. It is noteworthy that there 
is no known star for which the data compel us to 
believe in so high a central temperature (as they do 
compel the belief that the sun’s central temperature 
is several millions of degrees). 

Another striking success of the theory of atomic 
synthesis is Atkinson’s explanation of the relative 
abundance of the lighter elements in the sun. The 
strength of the spectral lines shows that lithium and 
beryllium are present in very small proportions in 
the sun’s atmosphere. Boron is more abundant, and 
carbon, nitrogen and oxygen increasingly so. Now 
the lightest elements, if synthesis occurs, should be 
the shortest-lived, and we might expect that lithium 
and beryllium would be quite gone, having been all 
built up into heavier atoms. There is still helium 
there—plenty of it—but there is good theoretical rea- 
son to suppose that, though a proton might easily 
enter a helium nucleus, it would be very unlikely 
to stick there, so that the building of lithium would 
be slow. The lithium atoms thus made would not 
last long before they were in turn changed into 
beryllium, so the number present at any instant would 
be relatively small. The “lives” of heavier atoms 
would be longer, and they would therefore be in- 
creasingly abundant. 


(8) UNSoLVED 


Notable as the successes of this theory have been, 
it is still in a provisional stage. It can not yet treat 
quantitatively of the entrance of a neutron or an 
electron into a nucleus—though it has to assume that 
one process or the other must occur. Nor can it 
account for the presence in the sun and stars of the 
heavier metallic atoms, which would not be syn- 
thesized in appreciable amounts until after a very 
long time. Atkinson, who has discussed the matter 
very thoroughly, believes that some other process, 
not yet tractable theoretically, must have operated 
to produce them, and suggests that some of the heavy 
atoms thus built up may break down with libera- 
tion of helium, and thus supply material for further 
syntheses. 

On the astrophysical side, the important sequence 
of giant stars remains unexplained. They radiate 
about as much heat, for equal masses, as the white 
stars of the main sequence; yet their internal tem- 
perature and density must both be much lower, unless 
the central condensation is exceedingly great. They 
are still a puzzle. It may be, as Atkinson suggests, 
that they are supplied by the conversion of hydrogen 


into lithium and other very light elements; or, i 


Milne believes, that they have small dense core, , 


high temperatures; or, as the speaker has suggests Ii 
that some unknown atomic or sub-atomic proces; jim 


at work which is actually favored by low density, j 


is tempting to imagine that a proton or neutron mi 


enter a nucleus and remain loosely bound there, by 


be liable to be drawn in deeper, with liberation yf 
energy, after a time. Collision with another atm i 


during this waiting period, might knock the parti, 


out, and prevent its permanent binding. But thi 


is pure speculation, and need not be taken ty 
seriously. 


Despite these difficulties, good progress has ce. 


tainly been made in interpreting the properties of th 


stars; and it is remarkable that so much success hyi 
been achieved while we are still ignorant of thf 


density-model on which any star, except a few whit 


dwarfs, is built. There is an intimate connection 
tween this problem and the other incompletely soli 
problem of the source of stellar energy. Givi 


either of them, we could deduce the other, provide 
that we knew the composition of the material 4 
every point of the interior. 
the composition involves the specification of th 
relative proportions of more than two hundred kind 


of atoms, including the various isotopes. With nf 
gard to the internal temperature and opacity, all eb 
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“There’s the rub”; fini 


ments except hydrogen act very much alike, so thi] 


only the percentage of hydrogen is really important 
But, when it comes to the liberation of energy, di: 
ferent elements, and even different isotopes of th 
same element, probably behave differently, and thi 


would make prediction difficult, even though we ku 


the laws of atomic synthesis and disintegration exactly 


To get anything that we can work with, we must cif 


the Gordian knot by assuming that the compositia 


of all parts of a star’s mass is the same. If tif 
assumption was made solely to facilitate our analysi 
our position would be embarrassing; but, fortunately 
there are good physical reasons to believe that insitf 


a star there will be slow eurrents, mixing the gas aly 


tending to make its composition uniform. 


(9) Srars. Voer’s THEOREM 


Material of exactly specified composition must hav q ; 


perfectly definite physical properties, so that, if i) 


temperature and pressure are given, the density, "09 
opacity, the rate of liberation of atomic energy, 
so on, must be calculable by equations, which (whetht 9% 
we know them or not) are exact, and leave no rol) 
for ambiguity. If we knew these equations, we colll| 


calculate all the properties of stars of the give 


composition in the following way. 


We may assume the star to be rotating so slow! a 
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that it is practically spherical. (What happens other- 
wise is an additional problem, to be solved later, if 
we can.) The pressure will certainly be greatest at 
the center, since the overlying mass is greatest there, 
and the temperature, too, will be greatest, for other- 
wise heat would flow from the hotter parts to the 
center and could not be accounted for except by 
the grotesque assumption that the central material 
consumed heat instead of liberating it. 

Start the calculations by guessing at any plausible 
values of the central pressure and temperature. Then 
the density, opacity and rate of heat-liberation are 
determined. Within a small sphere described about 
the center these quantities will change very little, so 
we may calculate the force of gravity at its surface, 
and the rate of flow of heat outward through it. 
From these we ean find the outward gradients of 
pressure and temperature at the surface of our sphere, 
and so estimate their values at the surface of a sphere 
twice as big—which enables us to extend all our eal- 
culations to this second sphere. Proceeding thus, step 
by step, we may carry our calculations on as far as 
we please. This is known as the “method of quad- 
ratures.” Though very laborious, it is powerful, and 
will solve a great variety of problems. Proceeding 
outward in this way, we find the temperature and 
pressure steadily decreasing—and incidentally cal- 
culate the mass inside each successive sphere, and 
the total outward flow of heat through it. 

Finally, the pressure may fall to zero, denoting 
the outer limit of the mass. Knowing the radius and 
the heat flow, we can caleulate what the surface tem- 
perature should be to permit the radiation of this 
amount into space. The temperature derived from 
our calculations should be 81 per cent. of this—to 
make allowance for the fact that the “surface tempera- 
ture” is an average including hotter layers. This 
condition will usually not be satisfied—which means 
that we have made a false start with our guesses 
at the central temperature and pressure. By chang- 
ing one of these—say the pressure—and repeating 
our ‘calculations, we may sueceed—usually after a 
great deal of labor—in getting a satisfactory solu- 
tion—a model star, made of our given material, for 
which we know the mass, radius, luminosity, density- 
model, ete. Then we start with a new central tempera- 
ture, repeat the whole process and get another model 
star,—and so on. 

In this way, by a great but not impossible amount 
of calculation, we find out exactly what stars of the 
specified composition would be like. 

One thing about them follows at once from the 
nature of the process of calculation. If we plot any 
two of their characteristies—say mass and luminosity 
—in a diagram, all the points representing our solu- 
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tions will lie on a definite curve—that is, there will 
be an exact mass-luminosity relation. Similarly, if 
we plot luminosity against surface temperature, we 
will get a definite curve. These curves may be of 
complicated shapes, or even consist of two or more 
branches; but our points will be on lines, and never 
be scattered over an area in our diagram. In mathe- 
matical language, our model stars form a one- 
parameter family. 

This is Vogt’s theorem—the most important gen- 
eral proposition which has yet been established re- 
garding stellar constitution. It has important practical 
applications. For example, the stars of the main 
sequence lie so close to one line on the diagram that 
they may all be of the same composition. The giants 
lie close to another line and may be similar in com- 
position inter se. Indeed it is possible, though it looks 
unlikely, that the loci for the giants and main 
sequence may be two parts of the same curve. But 
the super-giants are represented by points which are 
apparently scattered here and there over a wide area 
in the upper part of the figure. Hence they can not 
all be of the same composition. 

Vogt’s theorem would fail for bodies cool enough 
to permit liquid drops to condense out of the gas— 
a contingency not to be feared in the stars—and also 
in the case of a star which derived its heat supply 
from gravitational contraction—for here the rate of 
heat production in a given part of the interior depends 
not merely on the temperature and pressure there, 
but also on the rate of shrinkage of the star as a 
whole. But its range of applicability is very wide. 

A good many individual models of stars have been 
computed. In some of these, physically improbable 
assumptions were made to simplify the mathematical 
work—for example, that the rate of generation of 
heat per gram is the same in all parts of a star, 
though different in different stars. Such models, 
though of great value in the development of the 
theory, need not detain us here. 

A curious class are the “point-source” models, in 
which it is assumed that all the heat is generated in 
one point at the very center—the rest of the star 
acting simply as a blanket to keep it from escaping. 
This is not so crazy as it sounds—it represents the 
limit of the quite plausible assumption that the heat 
is generated in a small central region of high tem- 
perature. 

In some of these solutions, the density diminishes 
near the center—the matter being driven away by the 
enormous radiation pressure. Even with this ex- 
treme assumption, the luminosity for a given mass 
differs by less than one stellar magnitude from that 
of a model in which the heat-liberation is almost uni- 
form—as Eddington first showed. Biermann, who has 
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calculated several such models, concludes that they 
may be “finished off” into physically possible stars by 
replacing the point-source with a small, hot and very 
dense core—so dense that it is relativistically degen- 
erate. This idea of a dense core was first suggested, 
long before, by Jeans, who showed that its existence 
was probable in stars of large mass. 

The first calculations of stellar models with a law 
of heat-generation derived from theory (atomic 
synthesis) have recently been published by Steensholt. 
In the cases so far discussed, the density is less at 
the center than half way out to the surface. So much 
heat is produced in the inner regions, where the 
temperature is highest, that the point-source model 
is approached. Some of the theoretical models, there- 
fore, have a partly empty center, others a very dense 
center. A great deal more calculation will be re- 
quired before the subject is cleared up. The only 
observational data, on Y Cygni, indicate that in this 
star the central condensation is high. 


(10) Srapinity 


The assumption that a star is in internal equilibrium, 
which has been the basis of the whole discussion, is 
justified by the observed constancy of the brightness, 
spectral peculiarities and other observable character- 
isties of the great majority of actual stars. But, be- 
fore any theoretical model can be accepted as satis- 
factory, we must inquire what would happen to it if 
its equilibrium should be disturbed. 

Possible disturbances may be of two kinds, mechan- 
ical, involving changes in the size or shape of the 


generation of heat inside, or loss from the surface. 

The most important mechanical disturbance is a 
change in the size of the body. Suppose, for example, 
that a body, of low enough density to be gaseous 
throughout, were suddenly reduced to 9/10 of its 
previous diameter (remaining built on the same in- 
ternal model). All parts of the mass, being nearer 
together, attract one another more strongly, and the 
internal pressure is increased. To maintain equilib- 
rium, the temperature must rise, according to Lane’s 
law, to 10/9 of its previous value in each part of 
the body—which means that a large amount of energy 
must be communicated to the gas. During the con- 
traction, however, a great deal of work is done by 
the gravitational forces, and gravitational potential 
energy is lost. In the simplest case, when no changes 
occur in the atoms of the gas, and no compounds are 
present, an easy calculation shows that just half the 
change in gravitational energy would suffice to furnish 
the necessary heat. Hence the star can not actually 
contract unless some way is found to get rid of the 
other half. Radiation from the surface would ulti- 
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mately bring this about, but the process is very sloy, 
It would take the sun, for example, about 114 million 
years to lose enough heat at its present rate to 
permit it to contract by 10 per cent. 

If, by some hypothetical force, such a star should 
be rapidly compressed to (say) 90 per cent. of its 
present diameter, the freed gravitational energy would 
all appear as heat in the interior, the internal pres. 
sure would be too great to balance the weight of the 
overlying layers, and, the moment the constraint 
was removed, the body would begin to expand. When 
it reached its original size, all parts of it would be 
moving outward, and this expansion would overshoot 
the mark, carrying it to about 10 per cent. larger 
than normal. The internal temperature and pressure 
would then be too small, and contraction would ensue, 
to be followed by another expansion, and so on. The 
star would therefore show periodic changes in diam- 
eter, or pulsations, which would continue for a long 
time—though, after a great many oscillations, the 
“leakage” of heat from one part of the star to an- 
other might damp them out. The period of pulsation 
depends mainly on the density of the body. It would 
be a few hours for the sun, a few days for the yellow 
giants and many months for the enormous red giant 
stars. 

If, however, the gas of which the star was con- 
posed became more heavily ionized at the higher 
temperature after the compression, part of the surplus 
energy would be used in bringing this about, and 
less would be left over to produce the pulsation— 
which would then be slower for the same density, but 
the body would still be stable, unless the ionization 
demanded more energy than the gravitational changes 
made available. In such a case, the pressure, after 
contraction, would be inadequate to sustain the load, 
and the mass would contract further and further, 
and never return to its original state. In a star made 
up wholly of one kind of atoms, there might be some 
chance of this—though not in all parts of the mass 
at once. But with a mixture such as is actually 
found in the stars there is no danger, especially as 
the abundant hydrogen is completely ionized except in 
a very thin skin at the surface. 

The radiant energy and radiation pressure, by the 
way, adjust themselves so as to take up just their 
share of this gravitational energy—leaving the prop- 
erties of the gas to determine the stability of the 
body. 

A pulsating star should vary periodically in diaw- 
eter, and also in surface temperature, brightness, 
color and spectrum. Now there are hundreds of 
stars—the Cepheid variables—which change in all 
these respects, repeating their variations regularly 
for thousands of periods. The pulsation theory gives 
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a good account of almost all their properties—though 
it is not yet well understood why the rise in bright- 
ness should almost always be more rapid than the 
fall. They are brightest, and hottest outside, not 
when they are smallest (and hottest inside), but when 
they are rapidly expanding, as if the heating effect 
took time to work out to the surface. They are 
all super-giant stars, of exceptional luminosity, and 
their periods, ranging from a few hours to a couple 
of months, are in good agreement with their probable 
densities. 

Foreed changes in the natural spherical shape of a 
star would also lead to oscillations—of shape, this 
time, and not of size—but these would involve much 
smaller changes in internal energy, since some parts 
of the mass would be hotter while others were cooler, 
and are much less likely to lead to trouble. 

One more type of disturbance must be noted. If a 
mass of the hot gas deep down should be suddenly 
raised nearer to the surface, it would expand to the 
degree permitted by the lowered pressure, and be 
cooled by a caleulable amount. If the temperature 
gradient in this region is high enough, such a mass 
might find itself hotter than the surrounding gas, 
and therefore less dense, so that it would continue 
to rise of its own aecord. In any such region, ascend- 
ing and deseending currents would be set up, and 
continued until the too-rapid change of temperature 
had been smoothed out. This effect would operate to 
change the model on which the star was built, and 
may cause a good deal of trouble to the theoretical 
calculator, but it is not likely to upset the stability 


of a star—though, if the convection currents are 


irregular, it might cause small irregular variability 
in brightness, as Rosseland suggests. 

Thermal disturbances within a star have to do with 
the balance between the production of heat within 
it and the loss by radiation. They act slowly, because 
the store of heat already inside a star is so great. For 
example, the sun’s interior contains, in the form of 
actual heat (disregarding potential energy of all 
kinds), enough to supply the present rate of radiation 
for some ten million years. If the supply of heat 
from subatomie sourees were completely cut off, a 
slow contraction would ensue; if it were doubled, the 
excess would be consumed in forcing an expansion 
against gravity at the same rate. Even if 100,000 
years’ heat supply should be suddenly liberated (not 
at one point, of course, nor too near the surface), the 
effect would only be to increase the radius by about 
one per cent.—aeccompanied by pulsations about the 


m™ “ew value. This expansion, by Lane’s law, would 


lower the internal temperature. We have here an 
apparent paradox. A gaseous star, considered as a 
Whole, has a negative specific heat; liberation of heat 
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inside it cools it. The explanation is that the addition 
of this heat energy forees a much larger transfer of 
heat into gravitational potential energy—reminding 
one of the effect of a resisting medium in increasing 
the orbital velocity of a comet. 

Suppose now that we have a star in radiative 
equilibrium—and that the hypothetical disturbing 
agency not only diminishes its diameter, but at the 
same time abstracts from it the excess heat freed by 
the eontraction—so that there is no longer any 
tendency to pulsate about the new radius. Under the 
changed conditions both the income of heat from in- 
ternal sources and the expenditure at the surface will 
be altered. If the two still balance, the new configura- 
tion will persist unchanged. If the income exceeds the 
outgo, the star will slowly expand, and return toward 
its initial state; it is seeularly stable. In the opposite 
ease, it is unstable, and will depart further and further 
from its original state. The condition for stability is 
therefore that the rate of heat production shall in- 
crease more rapidly, with increasing temperature and 
density, than the rate of outflow. It is easily verified 
that this also secures stability in event of a forced 
expansion. 

These changes are unlike the mechanical pulsations 
in two respects. First, they are vastly slower, with 
a time-scale of millions of years (tens of thousands 
for the brightest giants), instead of days or months. 
Second, the return to “normalcy” is steady, without 
oscillations. 

Heat-liberation by atomic synthesis increases very 
rapidly with the temperature, and satisfies the con- 
dition for stability; but heat production at a rate 
independent of pressure and density (such as arises 
from radioactivity) does not. 

There is, however, another more subtle danger to 
which our star is exposed. Any disturbance is likely 
to set it pulsating. When smallest, it will be hottest 
inside, and the rate of heat production will be greater 
than the average. This tends to make the rebound 
a little greater than the contraction which preceded 
it, and so to build up the pulsation with steadily in- 
creasing amplitude. This effect has a long time-scale, 
like the last—as Jeans has shown—but it is ultimately 
serious. Eddington, who first pointed it out, sug- 
gests that it may be avoided by assuming that the 
heat-liberating process does not act instantly, but 
with a time-lag greater than the period of pulsation. 
This would “iron out” the irregularities and prevent 
trouble. Such a lag may easily occur in processes 
of atomic synthesis, provided that, as Atkinson sug- 
gests, the main liberation of heat occurs when the 
products at first synthesized break down. 

An increasing pulsation need not necessarily grow 
till it breaks up the star altogether—it is entirely pos- 
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sible that, when the amplitude becomes considerable, 
secondary effects may slow up, and finally prevent, 
further increase of range. Stars for which the 
stability condition was not satisfied might then be 
started pulsating by the least disturbance, but the 
pulsation would increase only to a certain limit. The 
Cepheid variables behave in very much this way; they 
are never more than three or four times brighter at 
maximum than at minimum, and the change in diam- 
eter (derived from the observed radial velocities of the 
expanding or contracting surface) does not exceed 20 
per cent. on each side of the mean. It is probable, 
though not proven, that these stars are actually un- 
stable, in the sense here discussed, but that their 
pulsations are self-limited. 

Jeans has shown that the tendency to pulsatory in- 
stability increases with the mass of a star. The 
Cepheids are among the most luminous, and hence 
presumably the most massive, of all stars. The period- 

_luminosity~relation among them—which has been so 
important in determining the distances of remote 
star-clusters and nebulae, may well represent the rela- 
tion between the mass of a star and the density at 
which this instability begins to appear. A really 
satisfactory theory of the energy-supply of giant 
stars should explain this relation as a by-product. 


(11) History or a Star 


The probable life-history of a star presents the 
most difficult problem of all. It is natural that the 
path of advancing knowledge regarding the physical 
constitution of the stars is strewn with the corpses of 
dead theories of their evolution. We are not far 
enough along yet to possess the basis for really con- 
structive work on the subject. 

The conclusions which can be drawn from our pres- 
ent limited knowledge depend greatly upon our 
assumption regarding the source of stellar energy. If 
the greatest available supply is the synthesis of other 
elements from hydrogen, a star’s mass will change 
very little during its whole life. Beginning, we may 
imagine, with large radius and low density, it will at 
first have to draw on its gravitational energy and 
contract after the manner discussed by Kelvin, until 
it gets hot enough inside to start the process of 
synthesis. It will then approach a steady state, in 
which it will remain, with little change in size or 
other observable properties, until the active material 
—whatever it may be—is nearly exhausted. Then it 
will again begin to contract, and grow hotter inside, 
pausing again, perhaps, if some new energy-liberat- 
ing process is “turned on” at a higher temperature. 
Finally, after all the available sources are exhausted, 
it will contract until degeneracy sets in at the center, 
and then pass through intermediate stages of the type 
discussed by Milne, into a state of great density. If 
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its mass is small, it will be successively a white dwarf, 
a yellow dwarf and a black dwarf, finally ey. 
tinguished. If its mass is large, it may contract to ex. 
ceedingly small dimensions and be lost to all observa. 
tion. 

During this process its luminosity will increase 
slowly, till degeneracy sets in, and will fall rapidly 
as it becomes advanced. The maximum length of 2 
star’s life as a luminary—between the times when it 
gets hot enough on the surface to be visible, and when 
it reaches the degenerate stage—may be estimated by 
assuming that it was composed of almost pure hydro. 
gen at the start, all of which becomes transformed, 
The result varies greatly with the star’s mass, being 
10% years for the sun, and not more than 500 million 
for a super-giant of mass 50 times and light 10,000 
times the sun’s. This last figure is uncomfortably 
small; it makes the star’s life shorter than geological 
time, and only four or five times longer than the 
interva! during which light from the more distant 
nebulae has actually been on the way to our speetro- 
scopes. 

The relative lengths of time which a star will spend 
in different stages will depend upon the amount of 
transformable matter available to keep it going in 
each, and this, again, may depend on the breakdown 
of atoms formed in earlier stages or earlier in the 
existing stage (as Atkinson suggests). Knowledge of 
these is essential to any detailed prediction of the 
stages in which the stars will linger long, and in which 
therefore the majority of them will be found. Till 
this becomes available, we may well hesitate before 
pronouncing one star to be older or younger, in years, 
than another. 

Suppose, for example, that there were many stars, 
of different masses, all composed of hydrogen and 
oxygen, or hydrogen and nitrogen, and all initially 
of very low density, and that the only process of 
atomic synthesis is that discussed above. They would 
perform “Kelvin contractions” till their central 
regions reached, approximately, the temperatures 
possessed by the various stars of the main sequence, 
and then would settle down with the corresponding 
radii, densities and surface temperatures. A massive 
star might become stabilized, with spectrum of class 
B, in a few hundred thousand years. A star of small 
mass might take scores of millions to reach a spectrum 
of type K or M; but, after they had done so, both 
would remain substantially unaltered for a long in- 
terval. 

The white dwarfs show apparently definite signs of 
senility; but even here we must be on our guard & 
against dogmatism in attributing this to greater ag¢, | 
for we do not know whether they started with the 
same composition as the others, or what has happened 
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to them in the meantime. The fact that many of the 
known white dwarfs are components of binary 
systems, whose other members belong to the main 
sequence, suggests that, after all, they may not be 
much older than other stars—only more decrepit. If 
they have passed through such intermediate stages of 
contraction with very hot centers as have previously 
been desoribed, it is hard to see how any hydrogen 
can be left inside them—though their atmospheres 
night still contain it, as their spectra indicate. But 
it is well to be cautious. 

If annihilation of matter takes place within the 
stars on a large seale, their lives may be hundreds 
of times longer, and a star, during its history, may 
diminish greatly in mass and in luminosity. The pos- 
sible life-histories may be much more complicated, de- 
pending on how much mass is lost by the consumption 
of various kinds of expendable material in different 
stages. The early stages of large mass and great 
luminosity will be relatively short, and the final faint 
stages of very long duration. Provided that any in- 
destructible atoms remain, the final state is a black 
dwarf, as before. 

The great problem of the longer or shorter time- 
scale may find its solution in another way. The 
theory of the expanding universe indicates that at a 
relatively recent time—something like 101° years ago 
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—the universe was probably either just beginning to 
expand perceptibly after a previous eternity of slug- 
gishness, or very much smaller than at present, and 
expanding rapidly. The latter type of theory— 
adopted in different form by Lemaitre, Tolman and 
de Sitter—leaves hardly time enough for much change 
even in a massive star, and certainly none for a star 
of smaller mass. If such an epoch of intense cosmic 
activity occurred in the relatively near past, the stars 
may be indeed all of the same actual age, and may, 
with few exceptions, still be almost fresh from the 
mint—* in their first innings” as Eddington puts it. 
On Tolman’s hypothesis, the universe previously to 
this “age of confusion” was contracting after a long 
history. It is perhaps permissible, and certainly at- 
tractive, to suggest that dense bodies like the white 
dwarfs may be survivors of this earlier world, which 
have come unscathed through the cataclysm. 

Once again, we lack many data necessary for a 
definite solution. We do not know whence the stars 
arose, nor what their histories have been. But so 
much of the nature of the greatest material objects 
in nature has already been revealed from the study 
of the minutest that there is better reason than ever 
to hope, with Eddington, “that in a not too distant 
future we shall be competent to understand so simple 
a thing as a star.” 


OBITUARY 


ELIAKIM HASTINGS MOORE 


For forty years Moore has been a leading figure in 
the mathematical world. His fundamental researches 
have been recognized by many honors bestowed here 
and abroad. He played a leading réle in the conver- 
sion of a local mathematical society into the present 
national one and in the initiation of the research jour- 
nal of the nationalized society. He inspired and 
started on their research careers many of the younger 
generation. It is not possible to exaggerate Moore’s 
profound influence on the development of mathematics 
in America. 

He was born in Marietta, Ohio, on January 26, 
1862. He graduated at Yale in 1883 and received his 
Ph.D. there in 1885. At the University of Berlin in 
1885-86, he was most influenced by Kronecker, who 
like Moore had an abstract type of mind. 

Young Moore taught at Yale for two years and at 
Northwestern University for four years. In 1902, 
President Harper selected Moore to initiate the depart- 
ment of mathematies at Chicago. With the effective 
Support of two colleagues, Bolza and Maschke, who 
were seasoned research men, Moore began with great 
enthusiasm to develop a research center. 

His plans matured so favorably at Chicago that 


Moore could extend his influence elsewhere. He took 
an important part in the conversion of the New York 
Mathematical Society into the American Mathematical 
Society and in making the latter truly national. Prior 
to 1899, the society published a single journal, its Bul- 
letin. Moore was the first to foresee the rapid growth 
of research in mathematics in America and hence the 
need of an additional journal devoted exclusively to 
research. His influence was now so great that he was 
able to overcome the opposition to this expansion. 
Having been the father of the Transactions of the so- 
ciety, it was natural that he should serve as its editor- 
in-chief for the next eight years. Later he became 
president of the society. Ten years later (in 1921), 
he was elected president of the American Association 
for the Advancement of Science, the subject of his 
retiring address being “What is a Number System?” 

Moore received numerous honorary degrees: Ph.D., 
Gottingen, 1899; LL.D., University of Wisconsin, 
1904; Math.D., Clark University, 1909 (where he lec- 
tured on “The Role of Postulational Methods in 
Mathematies”) ; Se.D., Yale, 1909; University of To- 
ronto, 1921; Northwestern and Kansas Universities, 
1927. 

Since 1908, he has been associate editor of Rendi- 
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conti del Circolo Matematico di Palermo. In 1924, 
both the Mathematical Association of America and 
the National Academy of Sciences elected Moore a 
member of the American section of the International 
Mathematical Union. 

Accounts of Moore’s remarkable papers will appear 
in mathematical journals and in the “Biographical 
Memoirs of the National Academy of Sciences.” The 
following classification of his papers shows that Moore 
devoted his first seven years of research largely to 
geometry, the next ten years to group theory and re- 
lated topics, then six years to classical analysis, and 
his final twenty years to general analysis. 

I. Geometry. Moore’s first four papers (1885-88) 
were mainly on n-dimensional geometry. In 1900-04 
and 1913 he wrote three more papers on geometry. 
More typical are his two papers (1902) on axioms of 
projective geometry. 

II. Groups. When Moore came to Chicago in 1892, 
group theory was the fashion in the mathematical 
world. His twelve papers on groups (1893-1905) 
made fundamental advances. Moore’s gift for ab- 
stract reasoning was especially effective in group 
theory. On the closely related topic of triple systems, 
he wrote four papers (1893-98). Also two papers on 
Kronecker modular systems (1897, 1907). 

III. Classical Analysis. Although he was especially 
interested in improperly definite integrals, Moore pub- 
lished (in 1901) only two papers on them. His eight 
papers on real variables appeared in 1890, 1895-96, 
1900, 1907. 

IV. General Analysis. This subject is entirely 
Moore’s own invention, and for the past twenty years 
he devoted his attention entirely to its development. 
In its final form, it is in MS. But with the aid of 
the Moore Fund (contributed by his many admirers), 
it is hoped that this MS. will soon be published in 
book form. 

The oldest version appeared in 1909 in Vol. 2 of the 
Proceedings of the Mathematical Congress at Rome. 
Next came his New Haven Mathematical Colloquium 
in 1910. In all he published thirteen papers on gen- 
eral analysis (1909-22) and three closely related 
papers on linear integral equations (1912-13). To 
attempt to explain the nature of general analysis in a 
few words would be as futile as to do the same for 
Einstein. The inquisitive reader may well consult 
Bolza’s introduction to Moore’s general analysis in 
Jahresbericht der Deutschen Mathematiker-V ereini- 
gung, 23 (248-303), 1914. 

Moore’s work easily places him among the world’s 
great mathematicians. In America, his various accom- 
plishments made him the leader. But he was a leader 
who was universally loved, and this was because he 
was at the same time a prince of a man. 

L. E. Dickson 
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HARLAN WILBUR FISK 


ProressoR Haruan Fisk, of Kensington, 
Maryland, magnetician and chief of the section of 
land magnetic survey, Department of Terrestria| 
Magnetism, Carnegie Institution of Washington, died 
at the Washington Sanitarium, Takoma Park, Mary. 
land, on December 26, 1932, after a brief illness, 
Professor Fisk was born at Geneva, Kansas, on Sep. 
tember 25, 1869, and received his early scientific train. 
ing at Carleton College, Northfield, Minnesota, where 
he came under the inspiring influence of Professor 
W. W. Payne. During the period 1899-1906 he held 
the professorship of mathematics at Fargo College 
(North Dakota) and was dean of the faculty during 
1904-1906. He spent the summers of these three last 
years at Fargo as magnetic observer in the employ 
of the U. S. Coast and Geodetie Survey and in Octo- 
ber, 1906, he joined the staff of the Department of 
Terrestrial Magnetism of the Carnegie Institution of 
Washington in the same capacity. He was sucees- 
sively advanced to the positions of magnetician and 
chief of the section of land magnetic survey. His 
field work, however, did not cease with his entrance 
into the department, for he carried out two detailed 
magnetic surveys of the Bermuda Islands in 1907 and 
1922, respectively, and led a magnetic-survey expedi- 
tion to British, Dutch and French Guiana in 1908. 
He also took part in various expeditions sent out by 
the department to investigate possible effects on the 
earth’s magnetism due to solar eclipses, the most recent 
of these being on the occasion of the total solar eclipse 
of last August, when he was in charge of the three 
parties sent to New England by the department for 
this purpose. During the last few years he has been 
engaged in important researches of the secular varia- 
tion of the earth’s magnetism based largely on data 
obtained under his supervision by observers of the 
Department of Terrestrial Magnetism. These studies 
led him to suspect that secular changes in the earth’s 
magnetism as observed on its surface might be the 
reflection of changes in the earth’s interior. His work 
along these lines was internationally recognized. 

Professor Fisk was a member of a number of 
scientific bodies, including the American Association 
for the Advancement of Science, Washington Acad- 
emy of Sciences and the Philosophical Society of 
Washington. He was also an active member of the 
American Geophysical Union, being secretary of its 
section of terrestrial magnetism and electricity during 
the period 1929-1932. He is survived by his widow, 
Louie B. Hubbell Fisk, and four children, Clarence 
Wilbur, Marion Sarah, Willis Hubbell and Ernest 
Harlan. 

Professor Fisk was a man of broad interests who 
took a leading part in the civie and religious activities 


x 
Hg 
4 
1S: 
| 
F 
a 
|| 
4 
{> 
ae 
shy 4 
ND 
a 
q 
BAG 
1H 
A 
; 


January 20, 1933 


of his community. He was held in the highest esteem 
by all his friends and colleagues because of his charm- 
ing personality and sterling qualities of character. 


Jno. A. FLEMING 


RECENT DEATHS 


WILLIAM FRANKLIN Epwarps, director of research 
for the U. S. Testing Company, New York City, for- 
merly president of the University of the State of 
Washington, died on January 13, at the age of sev- 
enty-seven years. 


Dr. Epwarp N. Brus, professor emeritus of psy- 
chiatry of the University of Maryland and the College 


| of Physicians and Surgeons in Baltimore, died on 


January 10 in his eighty-first year. 


SCIENCE 


81 


PROFESSOR JOHN GLAISTER, who held the chair of 
forensic medicine in the University of Glasgow from 
1898 until 1931, when he was succeeded by his son, 
Professor John Glaister, has died at the age of sev- 
enty-six years. 


Ceci Fow.er BEADLES, curator of the pathological 
department of the Royal College of Surgeons, London, 
died on January 3 at the age of sixty-six years. 


Dr. Evie Ivanorr, of Moscow, specialist in artificial 
fecundation, who had many mammalian hybrids to his 
credit, died last year in Russian Turkestan, to which 
place he had gone, financed by the Soviet Govern- 
ment, for the purpose of producing hybrids between 
man and the chimpanzee, on which work he was en- 
gaged at the time of his death. 


SCIENTIFIC EVENTS 


RESOLUTION ON TECHNOCRACY OF THE 
AMERICAN ENGINEERING COUNCIL 


Tue following resolution was passed at the recent 
meeting of the American Engineering Council in 
Washington condemning the claims of technocracy : 


The statements of a group of men organized under 
the name ‘‘technocracy’’ have received wide publicity 
through the press by reason of startling predictions 
which involve a complete overturn in our economic struc- 
ture. These pronouncements, circulated as coming from 
engineers, have led to the belief that they represent prac- 
tical engineering thought. 

Many requests for information on technocracy have 
come to the American Engineering Council, which is the 
representative of national, regional and local engineering 
societies in the United States. 

The council has endeavored to obtain from the pro- 
moters of the movement an authoritative statement of 
their findings and their program. It is significant that 
no information could be obtained beyond what has ap- 
peared in the press. 

The accepted practice among engineers of presenting 
new developments to some engineering society for crit- 
ical study and discussion has not been followed. The 
data and statistics brought forward in magazine and 
newspaper articles as a basis for speculative claims are 
open to question; some of the findings have been dis- 
credited or disproved by other investigations. 

These statements and conclusions may have the serious 
effect of undermining publie confidence in our present 


, civilization, and they hold out an unwarranted promise 


of a quick solution of economic ills. The method of 
Presentation has been marked by exaggerated, intolerant 
and extravagant claims. They have capitalized the fears, 
miseries and uncertainties due to the depression and 
have proposed a control which is, in effect, class dic- 
tatorship, 

Contrary to these claims, there is nothing inherent in 
technical improvement which entails economic and social 


maladjustments. Indeed technology offers the only pos- 
sible basis for continuing material progress. The vol- 
ume of goods produced, distributed and consumed during 
the years 1928 and 1929 was not excessive. That volume 
may and should be surpassed upon the return of pros- 
perity. 

The alleged unmanageability of a machine economy 
has not been proved. Its dislocations are traceable to 
improper and unskilled use rather than to inherently 
harmful characteristics. Complete replacement of men 
by the machine is precluded by the law of diminishing 
returns. Instances are increasingly in evidence. Con- 
trary to the pronouncements of technocracy, applied 
science holds the promise of better things to come in a 
society which fearlessly and intelligently meets its prob- 
lems. It is the considered opinion of American Engi- 
neering Council that our present economic structure con- 
tains within itself the possibilities of progressive im- 
provement and of the attainment of higher standards of 
living. 


THE AMERICAN SOCIETY FOR TESTING 
MATERIALS 


THE thirty-sixth annual meeting of the American 
Society for Testing Materials will be held in Chieago 
during the week beginning on June 26. This week has 
been designated “Engineering Week” by the Century 
of Progress Fair authorities and Wednesday, June 28, 
has been designated “Engineers’ Day.” 

The Hall of Science will house extensive exhibits of 
a technical nature both in pure and in applied science. 
They will be of special interest, since they will in gen- 
eral deal with processes and not merely products. 

The fair opens officially on June 1 and will be in 
full swing during “Engineering Week.” During this 
week and during the preceding week, designated “Sci- 
ence Week,” special programs will be given in keep- 
ing with the aims and activities of the many societies 
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holding meetings. On Engineers’ Day, Wednesday, 
June 28, all the societies will join in an extensive pro- 
gram. Special trips and programs will be arranged 
at the fair. In the evening a dinner will be arranged 
at which will be present engineers and scientific men 
from this country and abroad. The society is taking 
an active part in plans for Engineers’ Day and it is 
possible that some of the customary features of an an- 
nual meeting will be merged with the general plans. 

The following organizations have signified their in- 
tention of participating: 


American Association of Engineers 

American Ceramic Society 

American Foundrymen’s Association 

American Institute of Architects 

American Institute of Electrical Engineers 

American Institute of Mining and Metallurgical Engi- 
neers 

American Society for Testing Materials 

American Society of Agricultural Engineers 

American Society of Civil Engineers 

American Society of Heating and Ventilating Engineers 

American Society of Mechanical Engineers 

American Society of Municipal Engineers 

American Society of Refrigerating Engineers 

Institute of Radio Engineers 

National Association of Practical Refrigerating Engi- 
neers 

National Council of State Boards of Engineering Ex- 
aminers 

Society of Industrial Engineers 

Society for the Promotion of Engineering Education 

Western Society of Engineers 


Among the technical features being arranged for the 
thirty-sixth annual meeting, there are the Symposium 
on Cast Iron, the discussion on Significance of Tests 
of Concrete and Concrete Aggregates, and an exten- 
sive report dealing with physical properties, corro- 
sion-resistant data, ete., of light metals and alloys, in 
which field this committee functions. 


THE NEW YORK BOTANICAL GARDEN 


NINE new corporate members of the New York Bo- 
tanical Garden were elected at the annual meeting of 
the corporation held on Monday, January 9, at 2 P. M., 
in the office of Henry W. de Forest, president, at 165 
Broadway, New York City. 

They are: Joseph R. Swan, president of the Guar- 
anty Trust Company; Arthur M. Anderson, a partner 
in J. P. Morgan and Company; Dr. William J. Boni- 
steel, professor of botany at Fordham University; 
Richardson Wright, author and editor of House and 
Garden; Raymond H. Torrey, nature study leader; 
Captain Henry B. Heylman, of Pelham Manor, known 
as a lover of trees; Robert H. Montgomery, owner of 
unusual collections of conifers and palms on his two 
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estates, one near New York and one in Florida; 
George Arents, Jr., financier and owner of an estate 
in Rye, and Miss Mabel Choate, a daughter of the 
late Joseph H. Choate. 

Arthur M. Anderson was elected as a manager to 
fill one of the vacancies caused by the deaths of 
Robert W. de Forest, Edward D. Adams and Frank 
K. Sturgis. Managers reelected to succeed themselves 
for three years are Henry W. de Forest, Clarence 
Lewis, Dr. Lewis R. Morris, N. L. Britton, founder 
and director-emeritus of the Garden, E. D. Merrill, 
director, and Henry de la Montagne, Jr., business 
manager. 

In recognition of their gifts of important herbarium 
material, Frank W. Johnson and Kenneth K. Mace- 
kenzie were elected fellows for life. Mr. Johnson's 
contribution is of approximately 40,000 specimens of 
North American flora, while Mr. Mackenzie’s gift of 
60,000 specimens includes an especially complete col- 
lection of sedges, of which he has made a special 
study. Dr. Johnson is on the editorial staff of the 
P. F. Collier and Son Company, while Mr. Mackenzie 
is a practicing attorney. 

In his annual report, Dr. E. D. Merrill, director, 
paid tribute to members of the staff and their assis- 
tants who have pursued their work diligently in the 
face of severe retrenchments both in salaries and 
money for equipment. He said: 


In spite of continued unfavorable economic conditions, 
in spite of reduced income, in spite of the fact that 
many suggested and desirable innovations could not be 
developed because of the financial situation, and in spite 
of the fact that in an attempt to balance the budget, 
salary reductions totaling $23,386 had to be made, defi- 
nite progress has been made in various fields, and sev- 
eral important new projects have been developed. Much 
that has been accomplished has been due to the loyalty 
and interest of staff members who have maintained their 
morale in the face of discouraging circumstances. 


An important innovation for the New York Botan- 
ical Garden the last year has been the establishment 
of the school for gardeners and special courses for 
professional gardeners, the first of its kind opened in 
this country. Dr. Merrill writes: 


Financial provision for the publication of the results 
of research by staff members should be made, if possible, 
to obviate the present discouraging outlook which is 
essentially to the effect that many researches, no matter 
how meritorious or how important, must remain unpub- 
lished. Staff members, while content with a limited 
income and an opportunity to prosecute scientific work, 
are no longer content when there is coupled the handi- 
cap of inability to publish the results of their researches. 

Lastly, the difficult period through which the institu 
tion has been passing during the past three years, and 
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the practical impossibility of making adjustments to 
meet the situation in reference to superannuated em- 
ployes in the entire absence of any pension system, 
leads me to urge the establishment of an equitable con- 
tributory pension system just as soon as this becomes 
economically feasible. 


OFFICERS OF THE WASHINGTON ACADEMY 
OF SCIENCES 


Tue result of election of the officers for the Wash- 
ington Academy of Sciences was announced at its an- 
nual meeting as follows: 


President, Robert F. Griggs 

Non-resident Vice-presidents, F. A. Vening Meinesz, Ed- 
ward A. Birge 

Corresponding Secretary, Paul E. Howe 

Recording Secretary, Charles Thom 

Treasurer, H. G. Avers 

Members of the Board of Managers for the three-year 
term ending January, 1936: M. C. Hall, S. A. 
Rohwer 

Vice-presidents representing the various affiliated socie- 
ties of the academy: 


Anthropological Society, N. M. Judd; Archeological 
Society, J. Townsend Russell; Bacteriological Society, 
N. R. Smith; Biological Society, H. H. T. Jackson; 
Botanical Society, C. L. Shear; Chemical Society, E. 
Wichers; Columbia Historical Society, Allen C. Clark; 
Electrical Engineers, E. C. Crittenden; Entomological 
Society, Harold Morrison; Geological Society, F. E. 
Matthes; Helminthological Society, G. Steiner; Mechan- 
ical Engineers, O. P. Hood; Medical Society, H. C. 
Macatee; Military Engineers, C. H. Birdseye; National 
Geographic, F. V. Coville; Philosophical Society, H. L. 
Curtis; Society of Foresters, F. C. Craighead; Washing- 
ton Engineers, N. H. Heck. 


At this meeting the affiliation of the Washington 
Section of the Institute of Radio Engineers with the 
academy was approved. 

The new president, Professor Robert F. Griggs, is 
professor of botany at George Washington University. 
Dr. Griggs has been in charge of a number of ex- 
peditions to Puerto Rico, Guatemala, Texas and 
Alaska, the best known of which was the one to the 
Valley of Ten Thousand Smokes. 


AWARD OF THE CHANDLER MEDAL 


Dr. OxiveR CurME, vice-president and di- 
rector of research of the Carbide and Carbon Chem- 
icals Corporation, has been awarded the Chandler 
Medal for 1933, according to an announcement made 
by Professor Arthur W. Hixson, of the department of 
chemical engineering in Columbia University, chair- 
man of the award committee. 

The Chandler Medal and Leetureship were insti- 
tuted in 1910 by friends of the late Professor Charles 
Frederick Chandler, of Columbia University, pioneer 
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in industrial chemistry and a founder of the Amer- 
ican Chemical Society. 

The aliphatic chemicals with which Dr. Curme has 
worked are open chain compounds, such as fatty acids, 
hydrocarbons, alcohols, esters and ethers. Of his work 
Professor Hixson writes: 


Although the achievements of Dr. Curme are only now 
beginning to be recognized, it is of significant impor- 
tance that his ideas and his thoughts as expressed to his 
intimate friends have changed but little in the fifteen 
years that have elapsed since he began this work. He 
saw clearly in 1915 and 1916, before anybody else ap- 
preciated the possibilities, just exactly what is happen- 
ing to-day in the field of aliphatic chemistry and he 
predicted in those days the industrial use of these 
aliphatic compounds in quantities reaching into the mil- 
lions of pounds per month, although at the time only 
test-tube quantities were available. 

The achievements of Dr. Curme are many. His orig- 
inal work involved the production of acetylene, the 
thermo-decomposition of mineral oil inducted by sticking 
an electric arc beneath the surface of the oil. This was 
done in 1915-16. 

Subsequently he has worked out practical methods for 
the production of ethylene glycol, ethylene dichloride, 
ethylene chlorhydrin, ethylene oxide, diethyl sulfate, 
dichlor ethyl ether and many other compounds. Most 
of this work has been patented. 

Dr. Curme’s greatest achievement has not been solely 
the working out of laboratory methods for making the 
compounds mentioned above, but in translating these 
laboratory applications to large-scale manufacturing 
processes. As is well known to-day, the production of 
ethylene glycol, ethylene dichloride, ethylene chlorhydrin 
and some of the other compounds mentioned runs into 
many millions of pounds annually. 

More recently his early work in connection with the 
production of synthetic isopropy) alcohol and acetone has 
been commercialized and these products are now avail- 
able on a large scale. He is considered one of the great- 
est living exponents of aliphatic chemistry. 

The achievement that has attracted the most public in- 
terest has been the manufacture of synthetic ethyl alco- 
hol, which was put into production in a large way during 
April, 1930, but the preliminary work for it had been 
done and the process well outlined over ten years ago. 


Among the previous Chandler medalists are Dr. Leo 
H. Baekeland, president of the Bakelite Corporation, 
New York City; Dr. Irving Langmuir, associate di- 
rector of research for the General Electric Company; 
Dr. Willis R. Whitney, director of research for the 
General Electrie Company; Professor Moses Gom- 
berg, of the University of Michigan; Professor F. 
Gowland Hopkins, University of Cambridge, and Pro- 
fessor James Bryant Conant, chairman of the Division 
of Chemistry of Harvard University. 

The formal presentation of the medal will take 
place at Columbia University early in March, when 
Dr. Curme will deliver the annual Chandler lecture. 
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SCIENTIFIC NOTES AND NEWS 


F. TrusBeE Davison, assistant secretary of war in 
charge of aeronautics, was elected president of the 
American Museum of Natural History to succeed Pro- 
fessor Henry Fairfield Osborn at a meeting of the 
board of trustees held on January 9. Dr. Osborn, 
who has been president of the museum for twenty-five 
years, was elected honorary president. Mr. Davison 
has been a trustee since 1923, when he succeeded his 
father, the late Henry P. Davison. 


Dr. HERMANN WEYL, professor of mathematics at 
the University of Gottingen, who was the Thomas D. 
Jones research professor of mathematical physics at 
Princeton in 1926 and 1928, and Dr. James Waddell 
Alexander, professor of mathematics at Princeton 
University, have been appointed professors in the In- 
stitute of Advanced Study at Princeton. This brings 
the number of professorships in the faculty of mathe- 
matics to four, the appointments previously made 
being those of Dr. Albert Einstein, of Berlin, and of 
Dr. Oswald Veblen, of Princeton. Dr. Solomon Lef- 
schetz, professor of mathematics at Princeton Univer- 
sity, has been appointed to the Henry Burchard Fine 
chair of mathematics to succeed Professor Veblen. 
The school of mathematics of the institute jointly 
with the faculty of mathematics of Princeton Univer- 
sity will issue the Annals of Mathematics under a 
board of editors selected from each of the two institu- 
tions. 


Dr. J. JACKSON, chief assistant at the Royal Obser- 
vatory, Greenwich, has been appointed H. M. Astron- 
omer at the Cape Observatory, South Africa, in suc- 
cession to Dr. H. Spencer Jones, recently appointed 
Astronomer Royal at Greenwich. 


Dr. P. Zeeman, professor of experimental physics 
in the University of Amsterdam, and Dr. T. Levi- 
Civita, professor of mathematics in the University of 
Rome, have been elected foreign associates of the 
Royal Academy of Belgium. 


WE learn from The British Medical Journal that on 
the occasion of the celebration of the tercentenary of 
the foundation of Dorpat University, fifty doctors, 
honoris causa, were created. These included Sir A. 
Smith-Woodward, of the Royal Society; Professor 
James Young Simpson, of the University of Edin- 
burgh; Professor A. Birch-Hirschfeld, of K®6nigs- 
berg; Professor G. Liljestrand, of Stockholm, and 
Professor L. Martin, of Paris. 


Proressors F. A. F. C. Went, of Utrecht, and 
F. F. Blackman, of Cambridge, have been elected cor- 
responding members of the American Society of Plant 
Physiologists. 

Dr. Grorce A. Soper, consulting engineer, New 


York, has been made an honorary fellow of the Roya] 
Sanitary Institute of Great Britain. 


Many tributes to Dr. William B. Coley, surgeon, 
were paid at a dinner recently held in the Waldorf. 
Astoria, New York City, in honor of his seventy-first 
birthday and his retirement from Memorial Hospita| 
after twenty-one years’ service. More than two hun. 
dred guests attended. Among the speakers were Dr, 
James Ewing, director of Memorial Hospital; Dr, 
Charles W. Mayo, of Rochester, Minnesota; Dr. John 
M. T. Finney, of the Johns Hopkins University; Dr, 
George Davis Stewart, of the American College of 
Surgeons, and Dean Frederick S. Jones. 


ProFessoR W. MANSFIELD CLARK, De Lamar pro- 
fessor of physiological chemistry of the Johns Hop- 
kins University, was elected president of the Society 
of American Bacteriologists at the meeting held in 
Ann Arbor; Professor M. J. Rosenau, professor of 
preventive medicine and hygiene at the Harvard — 
Medical School and professor of epidemiology in the 
Harvard School of Public Health, was named vice- 
president, and Professor James M. Sherman, pro- 
fessor of bacteriology and dairy industry and head of 
the department at Cornell University, was reelected 
secretary-treasurer. 


Dr. Epwarp Sapir, Sterling professor of anthro- 
pology and general linguistics at Yale University, has 
been elected president of the Linguistic Society of 
America. 


Dr. JAMES Ramsay Hunt, New York, was elected 
president of the Association for Research in Nervous 
and Mental Disease at the close of the recent annual 
meeting in New York. Drs. Charles Macfie Campbell, 
of the Harvard Medical School, and Earl D. Bond, 
Philadelphia, were elected vice-presidents. 


THE Royal Astronomical Society of Canada has 
elected officers for 1933 as follows: President, Dr. B. 
K. Young, associate professor of astronomy, Univer- 
sity of Toronto; Honorary President, Mgr. C. P. Cho- 
quette, Montreal; First Vice-president, Dr. Lachlan 
Gilchrist, University of Toronto; Second Vice-presi- 
dent, Dr. Ralph E. DeLury, Dominion Observatory, 
Ottawa; General Secretary, R. A. Gray, Toronto; 
General Treasurer, J. H. Horning, Toronto. Dr. B. 
K. Young gave the presidential address on “The Trend 
of Astronomy” at the University of Toronto on Janv- 
ary 17. 


Dr. Cart H. Lennart has been appointed to fill the 
newly established chair of surgery at Western Reserve 
University, made possible by an anonymous gift of 
$300,000 in honor of Colonel Oliver H. Payne. 
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Dr. ALBERT FiscHER, who has for several years been 
director of the laboratory for cellular physiology at 
the Kaiser Wilhelm Institute in Berlin, has returned 
to Copenhagen as director of the new institute for re- 
search in experimental biology established through the 
cooperation of the Rockefeller Foundation, the Carls- 


S berg Foundation and the Danish government. 


Dr. W. L. Scumirt left Washington on January 5 
to join an expedition sponsored by G. Allan Hancock, 
of Los Angeles. An intensive zoological investigation 
of the fauna of the Galapagos Islands and the ad- 
jacent mainland is planned during the three months 
that the party will be in the field. 


Dr. AtFreD F. Hess, New York City, will give the 
Ingleby Lectures at the University of Birmingham in 
the summer term of 1933. 


Tue Terry Lectures at Yale University will be given 
by Professor Herbert S. Jennings, professor of zool- 


ogy at the Johns Hopkins University, who in three . 


addresses will speak on “What Outlook on the Uni- 
verse does the Study of Biology Yield?” 


Tue annual Alpha Omega Alpha Lecture of the 
Jefferson Medical College, Philadelphia, was delivered 
by Professor Herbert M. Evans, of the University of 
California, on January 11, on “The Hormones of the 
Anterior Hypophysis.” 


Proressor Huau Taytor, chairman of the de- 
partment of chemistry at Princeton University, will 
give a lecture on the evening of January 20 before 
the New York University Chapter of the Society of 
Sigma Xi on “The Concept of Speed in Chemical 


Reactions.” 


Dr. CARLYLE JACOBSEN, of Yale University, spoke 


Poon January 16 before the psychological section of the 


New York Academy of Sciences on “The Effect of 
Lesions in the Frontal Lobe on Habit Formation.” 


B) The address was illustrated by motion pictures of 


chimpanzees and monkeys. 


Tue Sigma Xi Club of the University of Florida 
held two meetings during the month of December. 
At the first, which was an open meeting, Dr. J. H. 
Brown, of the Johns Hopkins University, lectured 


; concerning milk sanitation and public health. At the 


second, the department of biology entertained the club 
with a discussion of their research work and an exhibit 
of research apparatus, technique and collections of 
material. 


Dr. James P. Warpasse has inaugurated a discus- 


® sion course on “Medical Sociology” at the Long Island 


College of Medicine. This is a required course for 
the students in their second year and is designed to 
stimulate them to realize the relationship of the 
physician not only to the profession but to society. 
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“THe Marquess and the Land Agent: A Tale of 
the Eighteenth Century” was the title of the presi- 
dential address of Professor G. N. Watson, professor 
of mathematics at the University of Birmingham, at 
a recent meeting of the Mathematical Association. 
The address consisted of a technical exposition of the 
researches of two eighteenth-century mathematicians, 
G. C. di Fagnano, Marchese di Toschi, and John 
Landen, on the rectification of curves. Their re- 
searches preceded the discovery of elliptic functions. 


At the annual conference of the Geographical As- 
sociation which opened in London on January 4 at the 
London School of Economics, under the presidency 
of Dr. H. R. Mill, an exhibition of books, maps and 
appliances for the study of geography was given by 
Mr. G. A. German. A lantern lecture was given by 
Mr. J. M. Seott on “The British Arctic Air Route Ex- 
pedition of 1930-31.” Dr. Mill’s presidential address 
was entitled “An Approach to Geography.” 


THE Rockefeller Foundation recently authorized a 
grant of $20,000 to the Biological Laboratory at Cold 
Spring Harbor, to be applied in support of its work 
in 1933. 


Mr. Evprince R. Jounson, of Philadelphia, has 
placed his yacht Caroline at the disposal of the Smith- 
sonian Institution for an exploration of the West At- 
lantie Deeps, with sufficient funds to accomplish that 
end. This work has been placed in charge of Dr. Paul 
Bartsch, who has been busy for the past month gath- 
ering the necessary equipment and staff for such an 
undertaking. The exploration is to cover a period of 
four years. The first cruise set sail on January 17 
from New York Harbor, and is intended to last until 
Mareh 23. 


DurinG the months of January and February an ex- 
hibition of the “Atlas of the Historical Geography of 
the United States,” a recent joint publication of the 
American Geographical Society and the Carnegie In- 
stitution of Washington, is being held at the house of 
the society in New York City. All the maps in the 
atlas are on display and a member of the society’s staff 
is present to explain them to visitors. The exhibition 
is for the benefit of fellows and friends of the society 
and of teachers of history and geography in the 
schools of New York City and vicinity who may wish 
to familiarize themselves with the atlas. 


THE annual report of the Gorgas Memorial Insti- 
tute of Tropical and Preventive Medicine, covering 
the activities of the Gorgas Memorial Laboratory in 
Panama, for the period November 1, 1931, to October 
30, 1932, has been made public. According to a sum- 
mary given in the Journal of the American Medical 
Association, a study was made on the effect of mass 
treatment of malaria in a native population in 
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Panama, with quinine and plasmochin. In July, a 
station was established in the basin of the Tuira River, 
Province of Darien, where attention is being given to 
treatment of yaws with carbarsone and other drugs 
without the use of injection methods in an attempt 
to develop an oral treatment. Research was carried 
on in regard to the protozoologic, immunologic and 
pathologie features of malaria in Panama monkeys. 
Work was done to determine the susceptibility of local 
monkeys to trichinae, and whether they develop an im- 
munity as do rats. Other investigations include those 
on the protozoa of the alimentary and genital tracts 
of the monkeys; anthropology and collection of skulls; 
genital tracts and uterine contents of monkeys and 
other animal life. Special studies on malaria in un- 
protected, insanitated areas were carried on in five 
river villages located on the Chagres River banks. 
Mass treatment for the entire population was given 
to prevent mosquito infection. The financial report 
disclosed that the total cash disbursements for the 
year were $47,484, an excess of $6,332 over the total 
cash receipts. 


Tue Field Museum of Natural History, Chicago, 
reports an attendance of 1,824,202 during 1932. In 
addition 700,000 persons, mostly children, were reached 
by the extension departments. The number of visitors 
exceeded the number in any past year and represented 
an increase of about 20 per cent. over 1931. It was 
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the sixth consecutive year in which attendance exceeda 
one million, and during the last five years the museyy, 
has had approximately 1,000,000 more visitors thay 
during the entire twenty-five years of its existence he. 
fore occupying its present Grant Park site, to whic, 
it moved in 1921. 


THE Board of Directors of The Journal of Experi. 
mental Zoology, at a recent meeting held in New York 
voted to dissolve the corporation and turn over to the 
Wistar Institute the journal and all its assets. Th 
modest endowment held by the corporation is to } 
held in trust by the Wistar Institute for the benef 
of this journal. The Journal of Experimental Zoolog, 
has been published by the Wistar Institute since 190s, 
Its editors were the directors in a corporation whic) 
held title to the journal and the fund originally pro. 
vided for its establishment. The editorial board will 
continue as it is and will be self-perpetuating. Ther 
will be no changes in editorial policy or publication 
management. 


A “LanpDING field” for birds traveling north and 
south has been provided by condemnation proceed. 
ings in the Federal Court as a result of which 8,24) 
acres in Dorchester County, Maryland, will be taken 
by the government at $14 an acre. The bird sanctuary 
is being established as a result of a treaty with Great 
Britain which provides for the care of migratory birds 
which travel from Canada. 


DISCUSSION 


HAMILTON RED BEDS IN EASTERN 
NEW YORK 

At the Toronto meeting of the Geological Society 
of America, the writer made the revolutionary an- 
nouncement that the type Catskill red beds of the 
Catskill Mountain front had proved to be wholly of 
Portage age or older, thus much lower than the so- 
called “Catskill” reds farther west and actually below 
rather than above the Chemung. Extensive inter- 
fingering of heavy masses of continental red shales 
with upper and middle Hamilton faunal zones at the 
extreme east (Albany and Greene counties) was also 
reported. Subsequently? he has employed the name 
Kiskatom (kis’ ka tom’) red beds for this lower por- 
tion of the original Catskill group that belongs to the 
middle instead of the upper Devonian. This is the 
portion formerly falsely identified as “Oneonta”; the 
true Oneonta has been found to go much higher in 
the Catskill front and to correspond largely with the 
so-called “restricted Catskill” there. 

Dr. Arthur G. Cooper’s field work this summer, 
with which he has kept me informed, has shown that 
the top of the Hamilton (middle Devonian) goes even 


1 Eastern States Oil and Gas Weekly, September 2, 
1932, Vol. I, No. 17, p. 7. 


higher in the red beds than I had supposed. The 
publication of his results will be awaited with great- 
est interest, but meantime it seems wise to extend tle J 
term Kiskatom, following the original intention, up 
to the top of the middle Devonian reds, until such 
time as these may submit to subdivision in the field. 
The entire classification of the upper Devonian frou 
central Ohio to eastern New York has been rebuilt dur- 
ing the fifteen field seasons now closing. The correli: 
tions demanded by the field relations are extensively 
summarized in other publications now appearing. [1 
general, the great thickening of all these sediments 
eastward carries the horizons higher and higher » & 
that direction than was previously believed, diagonally 
across those overlapping facies that formerly were i- 
correctly used for correlation. From west to east tle 
reds (“Catskill”) are of successively older age, thus: 


. Cattaraugus (Bradfordian) ; 

6. Blossburg (of Conrad; late Chautauquan but pos’ 6% 
Chemung) ; 

5. Montrose (of Vanuxem; upper Chemung or Wells 
burg) ; 

4. Catawissa (lower Chemung or Cayuta) ; : 

3. Catskill proper (of Enfield or upper Portage 2g¢)i F 
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9. Oneonta (of Ithaca or lower Portage age) ; 
1, Kiskatom reds (of Hamilton age). 


Strictly speaking, the type Oneonta is only the 
upper Ithaca (Cincinnatus), but no name is yet avail- 
able for the red equivalents of the -lower Ithaca 
(Otselic), nor can we yet separate at east the Sher- 
burne-Genesee horizons from these, though probably 
present. The original Catskill included 1 to 3, but in 
the later subdivision the Kiskatom was misidentified as 
Oneonta, while the term Catskill was restricted to 2 
and 3, including thus the true Oneonta strata. To 
keep as close as may be to the intention of these 
writers, it is proposed to maintain the name Oneonta 
for all beds properly so correlated, meantime push- 
ing the restricted term Catskill up to the still higher 
beds forming the peaks of all the true or eastern Cats- 
kills, whose age has been proved to be Enfield (upper 
Senecan). It is clear, however, that this name Catskill 
ean no longer properly be used for those red beds 
farther west in Pennsylvania and New York that are 
of later and various ages, though they happen to 
possess the same continental facies. 

Radical as these revisions may seem, that have put 
the “Portage” of Ohio far above the Chemung and 
the Catskill below the latter, it has nevertheless been 
our uniform experience that our mistakes were those 
of not going far enough. The field facts have forced 
us farther and farther from the long-accepted ideas. 
The future may force still greater departures. An 
indication of this is the unpublished field work of Mr. 
Charles E. Fralich, of Bradford, Pennsylvania 
(Torrey, Fralich and Simmons), on the Standish flags 
of the upper Genesee, showing a great eastward ex- 
pansion of these and their equivalence to the “Sher- 
burne” beds at Ithaca, formerly referred to the 


Portage. 


CATSKILL, N. Y. 


NO METEORITE 


In the Pittsburgh Gazette of November 16, 1932, 
under the eaption “Inspecting Sky Visitor,” was a 
two column picture of a girl sitting on a table beside 
a large rock. Underneath it was the following state- 
ment: “A piece of a 200-pound meteorite, found two 
years ago by J. G. Shaw, Northside editor, in a field 
in Clarion County, is shown in the above photograph. 
Interest in the meteorite and the history of its fall to 
earth in a Clarion County oat field in 1896 was inten- 
sified by the promised display of Leonids, which were 
due shortly before daylight this morning.” 

I wrote at once to Mr. Shaw, the editor of The 
North Side Ledger, Pittsburgh, Pennsylvania, and 
under date of November 21 he replied that one night 
in August, 1896, a meteor was seen by people driving 
home. It appeared to land right beside them in a 


Grorce H. CHapwickK 
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field about 150 feet from the road. The horses were 
so frightened that they ran away. A day or two 
later one of the party returned to the field and “found 
a boulder near where an oat shock had been set on 
fire and destroyed by either the sparks or heat from 
the yet warm meteorite. Nearly one half of it was 
found to be of iron composition and the remainder 
stone.” 

This is the stone now on exhibition in the office of 
The North Side Ledger, 715 West Diamond St., N. S., 
Pittsburgh. The iron portion was broken off years 
ago and is believed to be in the possession of a Mr. 
Swank, brick manufacturer, at Johnstown, Pennsy]- 
vania. 

On receipt of Mr. Shaw’s letter, I wrote to Pro- 
fessor Charles R. Fettke, head of the department of 
geology, Carnegie Institute of Technology, Pittsburgh, 
requesting that he examine the stone and give an 
opinion as to whether it is a meteorite. Professor 
Fettke’s reply of December 7 is exceedingly interest- 


ing: 


I had an opportunity this afternoon to examine the 
so-called ‘‘meteorite’’ on exhibition at the office of J. 
G. Shaw, editor of The North Side Ledger, and found it 
to consist of a large boulder of niedium-grained quartz 
sandstone. It is full of fossil plant fragments, largely 
compressed stems and branches, some of which are an 
inch or more in width. Carbonized plant tissues are 
associated with some of the fossils. The boulder has 
undoubtedly been derived from one of the sandstones of 
Pottsville or Allegheny age cropping out in the locality 
where it was found. A coating of limonite may possibly 
have occurred on the part which is said to have been 
removed and which is now owned by Mr. Swank, of 
Johnstown. 


This proves that the stone in Mr Shaw’s possession 
is not of meteoric origin. Possibly a small meteorite, 
maybe only an inch in diameter, struck and ignited 
the oat shock, and buried itself in the ground. It 
may be concluded that if a meteorite landed in Clarion 
County, Pennsylvania, one night in August, 1896, it 
has not been found. 


R. W. Svone 
PENNSYLVANIA GEOLOGICAL SURVEY 


MORE FRESH-WATER MEDUSAE 

EVIDENTLY the rare and discontinuously distributed 
fresh-water jellyfish, Craspedacusta ryderi (Potts), is 
appearing from time to time in various parts of the 
country, and possibly oftener than reported in scien- 
tifie literature. I am adding a record of the discovery 
of this medusa in Summit Lake, within the city of 
Akron, at about the same time as the discovery in 
Pennsylvania by Dr. Brooks. 


1 ScIENCE, 76: 465, 1932. 
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Summit Lake is about two thirds of a mile long 
and a quarter of a mile wide in places. It is one 
of the chain of Portage Lakes. The other lakes, 
partly natural, partly artificial reservoirs, are south 
of the city. They are connected by channels and 
the Ohio Canal connects the waters of the others with 
Summit Lake. Some plankton and other aquatic 
work have indicated these lakes as satisfactory in 
their biota, though Summit Lake has been at times 
more or less polluted, and has a somewhat less varied 
fauna. 

Craspedacusta has not appeared in any of the 
other lakes. All available specimens came from Sum- 
mit from about September 6 to 17. The medusae 
were first seen and collected mostly by several per- 
sons living close to the lake shore. Collection was by 
buckets and dip nets from boats. The writer col- 
lected few himself, but obtained many others from 
the finders. In our own collection, we found scarcely 
any in sunny weather in midday, though this would 
supposedly be the best time for them to be near the 
surface, as recorded by several observers, as, for in- 
stance, Garman,? in Kentucky, who also noted calm 
water as most favorable. After I secured so few, local 
collecters said they took their large numbers at sun- 
down. When finally we could get to collect at sun- 


down, we found none, but the day was unusually cold 


and very windy, making the water very rough for 
a lake of this size. The water attains a depth of about 
10 feet, where it was claimed most were collected. 

Between 200 and 300 specimens were taken alive 
into the laboratory, but were probably overcrowded 
in collecting jars. They died off very rapidly, some 
disintegrating quickly. No exact date of their dis- 
appearance in the lake can be given, but certainly they 
were not seen over a period of more than half a 
month. 

This is the second Ohio discovery. In 1926, also in 
September, Dr. R. C. Osburn, of Ohio State Univer- 
sity, collected many medusae in an artificial pond 
near Coshocton, Ohio, about 58 miles southwest of 
Akron. 

Dr. Brooks in his recent note on finding these 
medusae is mistaken in saying that seemingly his 
would make the fifth different locality for the medusae 
in the Western hemisphere. There will not be space 
for the citation of the records, most of which have 
been published in Science. My data on all these 


records, and papers of observers, indicate that there 


have been at least a dozen different localities in this 
country and one other in the western hemisphere. 


C. KRAATZ 
UNIVERSITY OF AKRON 


2 ScIENCE, 60: 477, 1924. 
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“A CORRELATION CURIOSITY” 


In a recent issue of Scrence,! E. B. Wilson has 
obtained the probability that the three correlation 
coefficients correlating three variables should all be 
positive. Denoting the coefficients by r, s, t, it is 
stated that “the conditions on r, s, t are that they shal] 
lie between +1 and —1 and that 


It may be of interest to note that these conditions 
on r, s, t lead to a rather surprising formulation of 
the problem. Putting r=cos A, s=cos B, t=cos C, 
we have (i) the angles A, B, C lie between zero and 
pi, and 

1 cos A cos B 


cos A 1 cos C}>0 
cos B cos C 1 


Now it may be shown that these two conditions 
imply A+B+C = 2z, and the three angles satisfy the 
triangular inequality. The writer has shown that 
these relations are the necessary and sufficient condi- 
tions that three angles are the face angles of a tri- 
hedral angle. Hence, the problem is equivalent to 
finding the probability that three angles selected 
arbitrarily between zero and pi be the face angles of 
a trihedral angle. 

Assuming that the distribution of points (A, B, C) 
in the cube with vertices (0, 0, 0), (x, 0, 0), (=, 2, 2) 
(0, x, 0) is of uniform density unity (an assumption 
that in terms of the variables r, s, t is different from 
the one made in the paper under discussion) it is 
found that the probability equals one-third. 

LzeonarD M. BLUMENTHAL 

THE RIcE INSTITUTE 


HOW DID JOULE PRONOUNCE HIS NAME? 


In the summer of 1897, while being conducted 
through the physies laboratory of the University of 
Edinburgh by Professor P. G. Tait, I chanced to tell 
him that at the University of Strassburg Professor 
Wilhelm Hallwachs, in speaking of Joule, had given 
the ou the sound of ou in you, and that after the lec- 
ture an English student had told him that the ou 
should have the sound of ou in out. And I asked 
Professor Tait whether he could tell. me how the name 
should be pronounced. He smiled and said, “Well, 
I used to work with him and I ean only say that he 
always called himself Joule,” sounding the ou as in 
you. 

The 1895 edition of the Standard Dictionary states 
that the ou is pronounced like u in rule, agreeing with 
Joule’s own pronunciation, but the latest edition 
gives the ou the sound of ou in out. When I up- 


1N. 8., 76, No. 1979 (1932), p. 515. 
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praided Mr. A. G. Baker, publisher of Webster’s New 
International, for the way his dictionary pronounced 
Joule, he defended himself by saying he had written 
to one of our leading American physicists, a man 
whom I deeply respect, and had been assured that the 
English physicists generally pronounced the name as 


though it were spelled Jowl. They doubtless do; they 
also says “figgers.” But is not Joule himself the 
supreme authority as to the pronunciation of his own 
name? 


JosEPH O. THOMPSON 
AMHERST COLLEGE 


SCIENTIFIC BOOKS 


The Mechanism of Creative Evolution. By C. C. 
Hurst. New York, The Maemillan Company; 
Cambridge, England, The University Press. Pp. 
365. 1932. 

Books on genetics are so numerous that any addi- 
tion might well seem superfluous. The repetition of 
the same facts, arguments and diagrams has become 
rather tiresome, and in pessimistic moments we some- 
times wonder whether we are not witnessing the 
growth of a dogma. If we are thus somewhat in- 
clined to be discouraged or bewildered, Dr. Hurst’s 
book comes like a breath of fresh air. The problems 
of genetics and evolution are restated in an original 
and extraordinarily lucid way, with full attention to 
the latest work of the experimenters, and the last find- 
ings of the eytologists. The illustrations are nearly 
all taken from other works, but they are extremely 
good and well chosen. The print is large and dis- 
tinct so that the book is easy to read. No attempt 
is made to shirk difficult problems, as the book is not 
written as a text for elementary classes. Hurst 
himself has been actively engaged in experimental 
work for over thirty years, covering the whole period 
of modern Mendelism. 

The term creative evolution is adopted from Berg- 
son, but interpreted in a biological rather than 
philosophical sense. It is pointed out that in biology 
A+B are not equivalent to the sum of A and B, 
but rather to X, an unknown or unpredictable quality. 
This may at first seem contrary to the Mendelian 
theory, which has enabled us in so many instances to 
predict the results of matings. But just as in chem- 
istry sodium and chlorine unite to produce a sub- 
stance differing from both in properties and appear- 
ance, so also the interactions of living units are con- 
tinually giving results which could not have been 
foreseen in advance. A mind contemplating the non- 
living universe could not be expected to predict life, 
the study of the lowest organisms would not lead one 
to expect the higher complex types, and least of all 
could the conscious and reflective mind of man have 
been surmised from a study of the beginnings of life. 

We are charmed with the idea expressed by Tenny- 
son in his “Flower in the Crannied Wall,” and vaguely 
feel that somehow it contains the germ of all other 
life, but practically the conception is not valid. It 


is too much like saying that Tennyson’s little poem 
is implied in the words it contains, which indeed would 
produce it sooner or later if arranged at random in 
all ways possible. 

From such considerations Hurst develops a biolog- 
ical philosophy in contrast with the gloomy and 
deterministic prognostications of the physicist. Ap- 
pealing to the past, with its story of increasing com- 
plexity and development, he imagines a future still 
more remarkable, but necessarily unpredictable by 
the human mind. Thus, like Wallace, he ends with 
metaphysical speculations which take us beyond the 
realms of experimental science, and will attract or 
repel according to the temperament and traditions of 
the reader. 

All this, however, may be regarded as secondary 
to the main character and purpose of the book. Most 
of the chapters are devoted to a recital of the exact 
scientific facts in a manner wholly satisfactory to the 
mechanistically minded. There are said to be four 
great vital processes acting as random variables. 
These are mutation, transmutation, sex and natural 
selection. Especially valuable are the chapters deal- 
ing with transmutation and sex. 

It has not been appreciated until recently how many 
“accidents” may happen to chromosomes, and how 
often those chance occurrences may give rise to new 
types. Closely related to those matters are the facts 
concerning polyploids, forms having various multiples 
of the basic number of chromosomes. The account of 
polyploidy is particularly clear and interesting, and 
from it we can see how new types, virtually new 
species, may arise independently at various times 
and places and yet be exactly alike. The same thing 
may happen after crossing, the hybrid progeny oceca- 
sionally giving rise to new stable types which are 
fertile and remain constant. In other cases, as with 
cultivated fruit trees, perennial sunflowers, certain 
cacti, ete., a cross may give rise to new heterozygous 
strains which are then propagated vegetatively and 
so remain constant. 

It is pointed out that the latest work of the ex- 
perimenters is extremely hopeful for results of prac- 
tical value. It has been shown that through the use 
of x-rays and otherwise the mutation rate can in cer- 
tain organisms be enormously increased. While most 
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of these mutations are detrimental, and very many 
lethal, among so many some will be advantageous 
under certain circumstances. 

It is like a lottery, in which the chances for a prize 
are increased by the number of tickets taken, only 
in this case the cost of the tickets is very small, hav- 
ing no relation to the possible value of the prize. 
Add to this the discovery that virtually new species, 
and it is said even genera, may be produced through 
hybridization and we have a possibility of future re- 
sults which we contemplate with amazement. 

Even if we consider Hurst much too optimistic, 
the actual and unquestioned progress of recent years 
has reached a velocity which will surely take it some- 
where. There is no indication whatever that we have 
reached the end of our rope. 

Nevertheless, as Jacques Loeb used to say, the 
constancy of the characters of living things is amaz- 
ing. Hurst puts it thus: “By far the greatest mystery 
in evolution is the continued existence of numerous 
species and even phyla whose genes have not mutated 
and whose chromosomes have not transmutated and 
whose characters remain the same to-day as they were 
thousands of millions of years ago.” Actually, this 


is overstated. The ancient fossils, which look so 
much like living species, are not precisely the same. 
But the undeniable facts are sufficiently striking. The 
Foraminifera, the oysters, the oaks and the figs, have 


gone on under the same generic groupings for many 
millions of years, producing many specific types, but 
practically all these suggestive rather of a shuffling 
of the cards than the evolution of new genes. The ex- 
perimentalist has accordingly proved too much. He 
has given us a picture of continual change, compared 
with which the actual stability of organisms in a. 
state of nature contrasts very strongly. But here 
Hurst is able to introduce the ever-present principle 
of natural selection, which hews to the line and under 
most circumstances makes for stability rather than for 
change. Morgan’s many Drosophila mutants rarely 
occur in the wild, because nature has no use for them. 

But once in a very long while a new “star” is 
accepted by the manager of the play. I do not under- 
stand, in the light of all this, why Hurst, in his 
introduction, gives his blessing to the age and area 
theory of Willis. In part it is, of course, a truism, 
but as an actual picture of the distribution of life it 
is extremely fanciful. Other things being equal, of 
course the oldest type would be likely to have spread 
over the most country; but other things never are 
equal, and the actual distribution of any species is 
limited by many and complex factors. 

There is this much to be said, the extent of distribu- 
tion may often be taken as a measure of the stability 
of an organism. Thus the Painted Lady butterfly 
(Pyrameis cardui), which I saw in the midst of 
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Africa, was quite the same insect which I could ob- 
serve any day in summer at Boulder, Colorado. It 
must be an extremely constant type, but added to 
this is the fact that it is well known for its migratory 
habits. Very surprising are the results recently ob- 
tained by some botanists, who have discovered that 
certain representative species, in Asia and America, 
have similar chromosomes in spite of their long sepa- 
ration. These plants can be crossed and will produce 
fertile offspring. 

From such facts and others Hurst undertakes to 
develop a precise criterion of species, to be determined 
by cytological and breeding evidence. Such “species” 
are apt to be more extensive than those commonly 
recognized, often including strikingly diverse plants 
which remain entirely separate in nature. It is not 
likely that botanists will follow this doctrine to its 
logical conclusion, which would, for example, compel 
us to unite the blue (Aquilegia caerulea) and yellow 
(A. chrysantha) columbines under one specific name. 
Probably we may use the term superspecies for these 
aggregates of cytologically similar types. 

Another very interesting problem concerns the 
actual unit of life, which Hurst considers to be the 
gene. The genes multiply, keep their characters, un- 
less they mutate, and are independent units. It is 
true that they cooperate to produce results in the 
cell or body, but this does not invalidate their essential 
integrity, which in very many cases has remained un- 
changed for ages. 

The smallest units of life, concerning which we are 
just beginning to have some definite knowledge, may 
be essentially free genes. The diversity of the genes in 
higher forms of life could only exist where they were 
bound together in a cooperative system. Thus we may 
imagine the primitive genes, in the early days of the 
world, possibly mutating as often as genes do to-day, 
but the results were usually fatal. Then when they 
got into the same boat, as it were, and one could steer 
and another row, they could afford to be more diverse. 
Finally, in such a creature as man, they can take on 
all sorts of aspects, producing results which could 
never have been imagined in the beginning of things. 
It is more or less so with all of us. What might we 
not have become, could we have seeured that job ex- 
actly suited to our potential talents! 

After the book was in type, Hurst constructed a 
genetical formula for the inheritance of general in- 
telligence in man, to which he attaches great im- 
portance. It is briefly explained in a long footnote 
(pp. 234-235). He recognizes ten grades of intel- 
ligence, following Woods, and, assuming that these 
represent different genetic formulae, gets statistical 
results closely agreeing with the theory. It seems 
improbable that ten such grades, independent of en- 
vironmental influences, can be objectively recognized, 
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© and the least one can say is that the burden of proof 


‘s likely to be a very heavy one. Nevertheless, these 


© matters can be scientifically investigated, and perhaps 
ihe expression of unconvineing opinions may lead 
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to fresh light and ultimately to some basis of general 


agreement. T. D. A. CocKERELL 
UNIVERSITY OF COLORADO 
DECEMBER 4, 1932 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


SOY-BEAN PASTE AS AN EMULSIFYING 
AGENT? 


In the United States the soy-bean (Glycine hispida) 


‘ has been used chiefly for animal feeding and as a 
source of industrial produets, but in the Orient it has 
: long provided valuable staple foods for man. One 
©) property of importance in the preparation of foods 
and also for certain industrial processes is the stabil- 
D izing effect of soy-bean on oil-water emulsions. By 
Dy substituting a cooked paste of soy-bean for eggs a 
j salad dressing equal in quality to mayonnaise can be 
made. 


Since lecithin occurs in soy-beans? we attempted to 


‘ determine whether it contributed to their emulsifying 
action. 
> other pastes of rather low original emulsifying power. 
ie The pastes were made by cooking corn starch, wheat 
: starch or wheat flour with distilled water. Three 
Py samples of lecithin were used. Lecithins I and II 
were freshly prepared by extraction from egg yolk 
Hy} and soy-bean flour, respectively, while lecithin III 
by was a commercial preparation of unknown age. The 
> test consisted of preparing an emulsion under stand- 
Sardized conditions with each paste and noting the 
>> volume of oil which had been added when the emulsion 
¥ began to “break.” The experiment was then repeated 
>) with a duplicate sample of paste, into which lecithin 
‘ had been dispersed before adding the oil. In a few 
cases the lecithin was dissolved in the oil itself. The 
'} amounts used, expressed as percentages of the weight 
DH of paste, were as follows: Lecithin I, 0.14 per cent. 
Hy and 0.35 per cent.; lecithin II, 0.35 per cent.; lecithin 
)) III, 1.25 per cent., 2.5 per cent. and 5.0 per cent. In 
7} no case was there evidence that the lecithin greatly 
|) increased the emulsifying power of the paste; there- 
F fore the proteins of the soy-bean appear to be the 
chief stabilizing factor. 


Known additions of lecithin were made to 


In preparing the mayonnaise-like salad dressing a 


Me paste was first made from sifted, finely ground flour, 
"#treshly milled from entire soy-beans of the Mammoth 


» Yellow variety. The flour was mixed smoothly with 
B‘ive parts by weight of distilled water, boiled with 


| & California at Los 


/} stirring for two minutes over direct heat, cooked for 
|} ‘itteen minutes in a covered double boiler and cooled. 


1 From the Laboratory of Home Economies, University 
Angeles. 


* Hugh MacLean, ‘‘Lecithin and Allied Substances,’’ 


The Lipins,’’ new ed., Longmans, Green and Co., 1927. 


Weighed portions of this paste were beaten in the 
usual way with a hand or electric rotary beater, while 
a moderate stream of oil was added. Water was 
added as needed for thinning, and lastly the requisite 
amounts of acid, dry seasonings and coloring were 
incorporated. Two parts of paste to twelve or four- 
teen of oil and three of additional liquid will yield a 
product of satisfactory flavor and texture, but this 
does not represent the maximum capacity for oil. 
Soy-bean paste as emulsifying agent in salad dress- 

ing has several merits. Among these are: (1) low 
cost, (2) ease of shipping and storing the beans, (3) 
heat sterilization of paste immediately before use, (4) 
the incorporation of rather a large volume of liquid 
for a given viscosity. Emulsions made with soy-bean 
appear to be less sensitive to low temperature storage 
than those stabilized by egg, but to be more sensitive 
to excessive amounts of seasonings, particularly salt. 
Further work is required on both of these points, 
however, as our observations were not conclusive. 

Apa M. 

H. ALEXANDER 

Erne. B. Sytvanus 


CELLOPHANE FOR LANTERN SLIDES 

REFERRING to the article, “A New Use for Cello- 
phane,” in the December 16 number of Screncz, page 
573, I would like to add one suggestion regarding the 
making of charts and tables on cellophane for lantern 
slides. The carbon paper should be eut twice the 
width of the lantern slide and folded so that the cello- 
phane ean be placed between the two carbon surfaces. 
With hard finish typewriter carbon paper the results 
are much more satisfactory with the carbon deposit 
on both sides of the cellophane. gE 


CONNECTICUT AGRICULTURAL 
EXPERIMENT STATION 
NEw Haven, Conn. 


THE RADIO-MAT 

ALL who are interested in the convenient device de- 
scribed by Dr. Warren in Science, December 16, 1932, 
p. 573, may be concerned to know that a device of 
this kind ready prepared for making slides is marketed 
under the name of RadiO-Mat, manufactured by the 
RadiO-Mat Slide Company of New York, and is ob- 
tainable from photographie dealers generally. In 
this laboratory we have made a large number of slides 
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therewith. It is also possible to make legible projec- 
tion material by simply typing the matter as one 
would a mimeograph stencil, on a blank piece of film. 
The ribbon ean be left in, but it does not add greatly 


SPECIAL ARTICLES 


SELECTION WITH THE MAGNET AND 
CULTIVATION OF “RETICULO- 
ENDOTHELIAL” CELLS 
THE supposition that certain highly phagocytic cells 
situated along the sinuses of the liver, spleen, bone- 
marrow, lymph-nodes and other organs have activities 
in common besides phagocytosis and constitute a 
physiological system, the “reticulo-endothelial system,” 
has led to much discussion and experimentation. A 
host of functions, among them those of forming anti- 
bodies and bile pigment, are attributed to the cells in 
question. These attributions have been the easier be- 
cause only oblique methods of test for them have been 

available. 

Von Kupffer, the discoverer of the cells in the liver 
now classed as “reticulo-endothelial,” observed that 
after the cells have taken up particulate material 
from the blood flowing by them, a greater or less pro- 
portion lose their hold on the capillaries and come 
away into the stream, new ones being provided by a 
proliferation and differentiation of the vascular 
endothelium. This happens irrespective of the charac- 
ter of the material phagocyted. We have taken ad- 
vantage of the phenomenon to procure and cultivate 
the Kupffer cells. 

A suspension of highly magnetic iron particles (the 
gamma ferric oxide of Baudisch and Welo’) in 7 
per cent. gum acacia, solution is injected into the 
circulation of a rabbit (or dog) on several successive 
days; and after two or three further days have 
elapsed—to give time for the particles ingested by 
blood leukocytes to be deposited—the animal is 
anesthetized and fluid is run directly through the liver, 
at first under low pressure to wash away the blood, 
then under high, with intermittent obstruction of the 
outlet tube and kneading of the liver to loosen and 
flush out the Kupffer cells. Warm Tyrode solution 
with 1/8 per cent. of gelatin for protective purposes? 
has proved as satisfactory a fluid as homologous 
serum. The Kupffer cells containing iron are 
separated from other elements by means of an electro- 
magnet, past which the suspension is slowly run, 
“washed” with gelatin-Tyrode solution while still held 
by the magnet, and plated in a culture medium con- 
sisting of this fluid, plasma and serum. 

When first obtained in serum or Tyrode’s solution 


1 Provided through the generosity of Dr. Oskar 


Baudisch. 
2 Peyton Rous and J. R. Turner, Jour. Exp. Med., 23: 


219, 1916. ; 
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to the legibility and will smudge, as will a carbo, 
under these conditions. 
F. L. 
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and studied in the warm box the Kupffer cells haye 
the general character of clasmatocytes, but they ex. 
hibit in addition special traits which distinguish then 
from those phagocytic elements of the spleen and of 
old inflammatory exudates which are supposed like 
them to be components of the “reticulo-endothelia} 
system.” It is plain that this “system” consists of 
elements differing from one another to no inconsider. 
able extent. 

Kupffer cells proliferate in vitro despite an initial 
content of iron particles that is often large; and 
they retain their specialized character. Since this js 
the case experiments with cultures should throw light 
on the functions of the cells. Such experiments ar 
under way. 

It is obvious that the magnet can be utilized for 
the selective separation of the phagocytic cells of 


organs other than the liver. 
Peyton Rovs 


J. W. Berarp 
ROCKEFELLER INSTITUTE FOR 
MEDICAL RESEARCH 
New York 


RELATION BETWEEN OXYGEN TENSION 
AND PROTEIN SYNTHESIS IN CERTAIN 
TISSUE EXTRACTS 

In previous work? we showed that a marked de 
crease in oxygen tension below atmospheric tension 
under otherwise constant conditions of pH, temper- 
ture, concentration of substrate, etc., increases the de 
gree and the rate of proteolysis in certain normal ané 
malignant tissues. These results suggested experiments 
designed to show whether oxygenation of digests o! 
tissues containing suitable protein split products 
would or would not result in enzymatic protein sy 
thesis. Concentrated extracts of the following tis 
sues in phosphate buffer (pH approximately 7.) 
were used: Voluntary muscle of albino rats and rab 
bits, Jensen rat sarcoma and Walker rat carcinoli 
256. The extracts were subjected to a preliminaty 
period of digestion in an atmosphere of purified 
nitrogen, toluene being added to prevent  bacteridl 
growth. The digests were then treated with a cir 
rent of purified oxygen from 2 to 4 hours. The mr 


tures were finally allowed to digest again in an 3 By 
mosphere of nitrogen. The protein content was dete 
1Carl Voegtlin and M. E. Maver, Public Health ie 


poem 47: 711, 1932; M. E. Maver, J. M. Johnson 4 
1 Voegtlin, Public Health Reports, in press. 
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mined by precipitation with trichloracetie acid,’ and 
the total nitrogen was estimated in the precipitates by 
the micro-Kjeldahl method.* Simultaneous estima- 


S ions were made of reduced and oxidized glutathione, 
© he former being estimated by the iodometrie method, 


ysing nitroprusside as end-point indicator, the latter 
peing titrated after reduction with bismuth tartrate 


and H,S. The total SH (SH glutathione, plus pro- 


© ein SH groups) was determined by iodine titration, 


and the pH by the glass electrode. 
We found that oxygenation of digests of the muscle 
results in a relatively rapid protein synthesis, repre- 


| senting an increase of from 10 to 20 per cent. of pro- 
F tein nitrogen in terms of total nitrogen. 


Similar re- 


S sults were obtained with digests from the living por- 


fibrin and SH glutathione. 


tion of the Jensen sarcoma and Walker carcinoma, 
and likewise in a digest composed of papain plus 
Our results with these ex- 
tracts indicate that the conditions favoring synthesis 
of proteins are (1) a relatively high oxygen tension; 


§ (2) a hydrogen-ion concentration not far removed 


from neutrality; (3) a relatively high initial concen- 
tration of SH groups attached to protein or glu- 


| tathione which can give rise to a relatively high con- 


centration of disulfides; (4) a sufficient concentration 
of suitable protein split products. 
Small amounts of CuSO, added to the digests im- 


} mediately before the oxygenation is begun may cause 


a temporary acceleration of protein synthesis, which, 

however, is followed by a resumption of protein 

cleavage. 
These results obtained in vitro are of interest, as 


| they suggest that variation in the oxygen supply of 


the tissues under physiological and particularly patho- 
logical conditions may exert a controlling influence on 
the equilibrium between cleavage and synthesis of 
tissue proteins. It may be that an inadequate O, 
supply to certain portions of malignant tumors favors 
necrosis and digestion of intracellular protein. On 
the other hand, in portions of tumors which are well 
supplied with oxygenated blood, conditions may be 
favorable for protein synthesis and therefore tissue 
growth. Further work is required before these de- 


| ductions can be applied to other normal and malignant 


tissues. A detailed report of this investigation will 
be published in the Journal of Pharmacology and Ex- 


perimental Therapeutics. 


VOEGTLIN 
Mary E. MAver 
J. M. JoHnson 
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WASHINGTON, D. C. 
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THE UNIQUE NUTRITIONAL ORGANS IN 
THE EMBRYOS OF THE TOP MINNOWS 
OF THE MEXICAN PLATEAU 


During Cretaceous times the Mexican Plateau was 
isolated to some extent by the development of high 
voleanie ridges on the east, south and west and by 
desert on the north and the northwest. A fauna has 
developed here which is quite unique in some animal 
groups, and this is especially true in the case of the 
teleost fishes. While there has been some migration 
into and out of the plateau, for the most part the 
species upon the plateau do not exist elsewhere. In 
one instance, a family which is represented in North 
America elsewhere by a single species has bloomed in 
the isolation provided by plateau into many species. 

It has been pointed out by Hubbs that most of the 
top minnows of the Lerma Valley should be separated 
into a single family, the Goodeidae. The classification 
is based principally upon the structure of the teeth 
and fin peculiarities. The family, as revised by 
Hubbs, contains the Genera Skiffia, Lermicthys, 
Chareodon, Balsadicthys, Goodea, Chapalicthys, Zoo- 
goneticus and Girardinicthys. A study of the repro- 
duetion of seven of these genera reveals peculiarities 
that separate the group radically from all other top 
minnows and several features which are unique and 
undeseribed. These features are the subject of this 
brief article, which is to be followed later by a more 
extensive illustrated description. 

The course of reproduction in the lowland type of 
killifish (Gambusia, ete.) is characterized by the fol- 
lowing features: 

(1) Fertilization is accomplished by the transfer of 
spermatophores from male to female by means of a 
gonopod. Fertilization is internal. The sperm are 
stored by the female and serve for several succeeding 
broods of young. 

(2) The ovarian follicle builds up a large yolk mass 
which is the sole means of nourishment for the embryo. 

(3) The embryo remains within the ovarian follicle 
until hatched. It is then extruded into the intra- 
ovarian space and is born almost immediately. The 
yolk mass is almost entirely absorbed at birth. 

(4) The gonads of the embryo are quite undevel- 
oped at birth, no differentiation of ovary or spermary 
being discernible. 

The contrast as shown in the reproduction of the 
highland type, Goodeidae, is indicated as follows: 

(1) There are no spermatophores and there is no 
true gonapod in the male. In all genera, however, the 
anal fin has some short stiff rays at the anterior 
margin. Fertilization is internal, but apparently 
there is no storage of sperm. 

(2) The ovarian follicle builds up a very small yolk 
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mass. There is an extensive degeneration of eggs 
after they have reached the maximum size. 

(3) The embryo remains within the ovarian follicle 
until the small yolk mass is almost absorbed, in the 
meantime developing a group of nutritional filaments. 
A yolk sae also develops far past the limits of the 
yolk mass. The ovary develops a system of inter- 
follicular canals and clefts. 

(4) The embryo hatches and is left by a withdrawal 
of the ovary in the intra-ovarian space. The nutri- 
tional filaments develop into long finger shaped proc- 
esses which are attached to the embryo at the proc- 
todoeum. In at least four genera a wide space in the 
sub-muecosa of the embryonic gut extends out into the 
nutritional processes as far as the distal ends. The 
processes become liberally supplied with tissue spaces, 
sinuses and small blood vessels. While the embryos 
of all genera possess the nutritional processes there 
are structural differences that are constant in each 
genus. 

(5) The embryo increases many times in volume 
while lying in the intra-ovarian space and after ab- 
sorbing the small yolk mass. 

(6) The embryo is born in an advanced stage with 
the gonads differentiated into recognizable ovaries and 
spermaries. The nutritional processes are still at 
their maximum point of development at birth. They 
are either broken off or absorbed within a few hours. 

Reproduction in the lowland type of killifish is 
classified as simple ovo-viviparity, the egg, and later 
the embryo being retained in the ovarian follicle up 
to the time of birth. Reproduction in the highland 
type of top minnow is a two-phase process. The first 
phase, extending from fertilization to the point of the 
extrusion of the embryo from the follicle into the 
ovisae is an Ovo-viviparity comparable to but shorter 
than the entire process in the lowland type. The 
second phase is a superimposed and genuine viviparity 
which is not comparable with any stage in the repro- 
duction of the lowland type. The reproduction in the 
highland top minnows is therefore classified as ovo- 
viviparity with a superimposed viviparity. 

The highland type of top minnows apparently arose 
from an ancestor much like the lowland type after 
viviparity had been established in the latter. The 
yolk sae developed in the latter type beyond the limits 
of the yolk mass is testimony that the ancestral type 
possessed a large yolk sac. The evolution of the re- 
productive peculiarities in the highland type from the 
condition which existed in its ancestral type would in- 
volve the following changes: 

(1) Changes in the ovary to prohibit the full devel- 
opment of the yolk or to produce degeneration in the 
egg before it reached its full size. 

(2) Earlier hatching of the egg. 
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(3) Retention of the embryo for a longer period j, 
the intra-ovarian space. 

(4) Development by the embryo of processes fo, 
absorbing food and oxygen from maternal ovary, 

(5) Extensive changes in the somatie portion of the 
ovary, especially in vascularity, to furnish nourish. 
ment for the embryos. ° 

(6) Interruption of the regular course of the germ 
cell cycle within the ovary due to the diversion of 
nutrition from the developing germ cells to the groy. 
ing embryos. 

The material for the above study was secured by ay 
expedition financed by Northwestern University and 
the National Research Council. The writer was able 
to collect and to transport alive specimens of seven of 
the genera of the Family Goodeidae. All have proved 
to be suitable aquarium fishes and two (Goodea pi. 
lineata and Zoogoneticus cuitzeoensis) have produced 
an excellent breeding stock. Grateful acknowledgment 
is made to Dr. Isaae Ochoterena, of the National In- 
stitute of Biology of Mexico, and Mr. Quintin Rosas, 
of the Department of Forestry and Game, for cour- 
tesies in connection with the securing of collecting 
permits and to Mr. F. M. Riveroll, of the Department 
of Express, and Mr. F. C. Lona, of the National Rail- 
ways of Mexico, through whose efforts shipments o! 
live specimens were greatly facilitated. 

C. L. Turner 
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